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Summary
The distribution and occurrence of Staphylococcus aureus in 
a non-hospital open .community was studied by examining weekly groups 
of 50 healthy adults and children. Isolations were made from the 
nose, throat and hand, all the subjects (with the exception of one 
adult) yielded Staphylococcus aureuse children wore generally per­
sistent carriers and adults transient carriers. There was a sig­
nificant correlation between isolation rate and ambient temperature and 
evidence that cross infection occurs between adults and children,
1^ 57 staphylococci were isolated from adults and 2^ 479 cultured 
from children : 60,1 per cent, from children and 49.1 per cent, from 
adults were susceptible to standard bacteriophages, generally being 
lysed by group 1 phages, less frequently phages of mixed groups or, 
in the case of strai.ns from children, group II.
Forty eight per cent, of labiates were resistant to penicillin, 
whilst 6 to 7 per cent, resisted fucidin and streptomycin. Approximately 
2 per cent, of isolates resisted methicillln, chloramphenicol, novobiocin 
and erythromycin. 810 strains were tested with further antibiotics 
and 0,9 to 7.3 per cent, were resistant to vancomycin, lincomycin, 
kanamycin and chlortetracycline. No association between pattern of 
phage susceptibility and antibiotic resistance emerged. Seven strains 
resistant to methicillln and typable with phagœ of group I complex 
(52, 52A, 80, 81) or group XI (55/71; 7l), wore isolated from adults and 
children,
jMultiple antibiotic resistant strains were isolated occasionally 
during the survey from adults and children. The presence of plasmids, 
detected by curing techniques, appeared to be a significant mechanism 
determining multiple antibiotic resistance,; a high proportion of these 
strains produced penicillinase*
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is hard for man to avoid teleologioal thinking 
since it is nature * s tendency to favour the welfare 
of man, at least so that his life span, with a 
little help from penicillin and actinomycetes, is 
about seventy years.*
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Distribution of staphylococci in nature
The distribution of staphylococci in nature has probably
been studied more comprehensively than any other comparable 
bacteriological problem. The presence of micrococci in pus was 
reported by Koch (1878) and isolates from acute and chronic abscesses
were shown,by Ogston (I88I) to be pathogenic to mice and guinea pigs,
Ogston (I882) first used the word staphylococcus as a common name for 
this organism, but its use as a generic name Staphylococcus is 
attributed to Hosenbach (I884). It was however, some fifty years 
after its recognition as a cause of wound infection and other sepsis 
that its prevelance in healthy individuals was extensively studied.
The previous failure to recognise a carrier state was not due to lack 
of knowledge about this phenomenon. Healthy carriage of typhoid bacilli 
was Imown (Koch, I905» Frosoh, 1905» Conradii, 1904; Lentz, 1905; 
Forster and Kay se r, 1905) and studies of meningococcal carriage were 
made by Albrecht (19OI ); Lingelsheira . (1905); Kutoher (1906) and 
Ostermann (19O6).
The significance of the presence of staphylococci, other 
than in septic lesions had however to await a satisfactory method of 
distinguishing pathogenic staphylococci from the many non-pathogenio 
strains including those now termed micrococci. This was made possible 
largely due to the development of the coagulase test (Loeê, I903) and 
its subsequent widespread application in America and Britain(Chapman 
et al. 1934 Slid Cruikshank, 1937),
Reservoirs of potentially pathogenic staphylococci. A large number of 
papers followed the adoption of the coagulase test reporting the 
isolation of staphylococci from various parts of the human body and 
animal sources, together with their reaction to the coagulase test.
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This work has been extensively reviewed by Elek (1959) and its 
principal conclusion would seem to be that Stanhvlococcus aureus of 
the type common in human pathogenic disease has no major reservoir 
outside the human body. The organism can on occasion be isolated 
together with other forms of staphylococcus, producing a variety of 
haemolysins and even coagulase, from healthy and diseased animal 
sources (MacDonald, 194&; Smith, 1948; Thatcher and Simon, 1956; Smith,
1962),
Dissemination of staphylocooci 
The number of Staph, aureus disseminated by different 
human carriers and the extent to which these carriers contaminate 
their environment and transmit infection is known to vary widely.
Nasal carriers with skin lesions or respiratory viral infections are 
especially liable to disseminate staphylococci and transmit them to 
other persons (Roodyn, I96O; Eichenwald.etàal..1960). Healthy carriers 
lacking these lesions have also been found to cause considerable 
contamination of the air by agitation of clothing and friction of the 
skin (Duguid and Wallace, 1948; Hare and Thomas, 1956; Hare and Ridley, 
1958). The spread of staphylococci from an infected person or carrier 
to a non-infected individual is therefore easy, particularly in 
hospitals where special conditions prevail (Noble, 1962). Person to 
person spread of experimentally inoculated Staph, aureus was reported 
by Shinefield et al. (l963),and Ehrenkranz (I964) studied quantitatively 
the spread of infection from carriers of stapliylococci to various 
persons, including persistent carriers of other- strains. In the nose, 
staphylococci can multiply in the salt-rich nasal secretions and thrive 
according to Elek (1959) as in a culture medium. Prom this site the 
organism is disseminated (Moss, Squire, Topley and Johnston, 1948) in
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showers of droplets which contaminate the skin, clothing and air.
Large numbers are conveyed to the hands when touching the nose or 
using a handkerchief. Clothing liberates dust particles laden with 
staphylococci and these, together with dried droplets account for the 
presence of staphylococci in the air of buildings used by humans. This 
sequence of events was first demonstrated by Concomotti (1899) but 
the first systematic investigation, based on coagulase testing, was 
due to D^anyi (1925), Aerial tr^smission therefore leads to the 
colonisation of other individuals and the endemic cycle is maintained. 
Carriage of stanhvlocooci in the nose 
It is generally believed that staphylococci are more 
constantly present in the anterior nares than in any other site 
(Miles, 1941? Mercier, Pillet and Le Mer, 1948), This belief is based 
on investigations involving single swab examination, most of which 
were made in Britain, U.S.A. and Australia (references are given in 
the following sections).
Nasal carrier rates in infants and children. The nasal carrier rates 
determined by various workers on the basis of single swab examination 
average about 85 per cent, for infants, for example Mles(l94l) found 
rates of 90 per cent., Torrey and Reese (1945) 88.8 per cent, and 
Martyn (1949) ?6 per cent, Simpson et al.(l96o) following a hospital ' 
study reported 60 per cent, nasal carriage in infants by the fourth day 
of life, rising to 80 per cent, by the tenth day. Similar results were 
obtained by Hurst (1957» 19^ 0) though Cook et al.(l958) had previously 
found 100 per cent, carriage by the tenth day of life. The high 
carriage rates reported in infants appear not to have been found in 
older children. Phage typing shows that strains in infant's noses are 
seldom the same as those found in the mother's nose. It may be that many
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infants bom in hospital acquire their first staphylococcal 
infection from the hospital surroundings rather than from their 
mother (Duncan and Walker, 1942; Allison and Hobbs, 1947). The 
special conditions in hospitals v/ould tend to favour this, particularly 
the sources of potential infection represented by fomites, dust 
(Ludlam, 1953» Daranyi, 1954) and the numerous attendants. It is of 
interest in this connection to note that the carrier rate:of infants 
bom at home is lower (Cunliffe, 1949» Edmunds et al,, 1955). Dy the 
end of six months these differences are largely eliminated and 
carriage rates of 57 per cent, for children have been reported,
(Hallman, 1937» McEarlan, 1938; Miles, 1941» Cunliffe, 1949)» 45 per, 
cent, for adolescents and young adults (Hallman, 1937» McFarlan, 1938; 
Gillespie, Devenish and Cowan, 1939» Mies, Williams and Clayton- 
Cooper, 1944» Hountree, Barhour and Thomson, 195l).
Nasal carriag:e in adult life. In England the average nasal carriage 
rate of apparently normal adults would appear to be about 50 per cent, 
(Mies, Williams and Clayton-Cooper, 1944» Gillespie, Devenish and 
Cowan, 1939» Vfilliams, 1946; Martin and V/hitehead, 1949) irrespective 
of whether coagulase of? alpha-haeraolysin is taken as the criterion. In 
some reports the incidence appears to be higher when alpha-lysin is 
used, although in these instances the discrepancies must be attributed 
to the techniques employed (Mercier and Pillet, 1948). Other major 
factors are involved; of these, age, persistence of carriage, and type 
of community sampled seem to be the most important.
Maintenance_ of carrier state 
Repeated examination of the sam& individuals has shown 
that the presence of staphylococci is sporadic in some and constant 
in others (Williams, I946). A given person may therefore be a persistent,
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carrier, transient carrier or may be persistently free from Stanh. 
aureus (Hutchinson, Green and Grimson, 1957)* Little information is 
available about the maximum duration of the carrier state. Miles etual. 
(1944) considered that carriage of Stanh. aureus is relatively 
persistent. Buys and Willems , (1955) have suggested that intermittent 
carriage is by no means rare and Gould-and McKillop (1954) calculated 
that the average length of time that any one person may be expected to 
carry the organism is fourteen years.
Heavy nasal carriage may be associated with chronic sinusitis 
or catarrh. However Cunliffe (1949) concluded that congenital anomalies 
of the upper respiratory tract did not predispose to higher carrier 
rates, and Williams et al.(l96o) reached the same conclusions regarding 
diseases of the nose other than those caused by staphylococci. Jacob, 
Williamson and Willis (1961) found that minor nasal abnormalities in 
nurses could be correlated with an increase in nasal carriage.
Incidence and carriage of staphylococcus in hospitals. The many studies 
of hospital staff have all yielded rates of carriage, of around 65 per 
cent. (Hart, 1937; Devenish and Miles, 1939; Allison and Hobbs, 1947j 
Darker and Rozwadowska-Dowzanlco, 1948» Rountree and Thomson, 1949;
Martin and Whitehead, 1949; Rountree, Harbour and Thomson, 1951).
Fresh admissions to the hospital population, be they patients or new 
members of staff, can be regarded as coming from less infected to 
more infected areas; discharged patients and hospital staff off duty 
form the vehicle by which staphylococci will be disseminated to the 
community at large. In a recent study Doig (1971) found nasal carriage 
of Staph, aureus in 50 per cent, of in-patients in a general surgical 
unit, and 26 per cent, of out-patients. However, no less than 80 per 
cent, of staff carried the organism and 15 per cent, carried hospital
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strains of staphylococci.
The reported levels of hospital carriage vary quite 
considerably from country to country* For example, in Jap^, Ishihara 
et al.(l959) reported 83.8 per cent, carriage in hospital personnel 
and 79*4 per cent, in nurse recruits. Rodriguez et al. (I962) found in 
South America what would appear to be an extremely low incidence of 
25 per cent, in patients and hospital staff, based on separate - 
examination of nasal and pharyngeal secretions. Cooper et al.(l96l*) 
in a study of 6,458 individuals comprising paediatric patients and 
hospital staff in an American hospital reported that 44,8 per cent, 
were carrying Staph, aureus in their nasopharynx and 8.1 per cent, 
were harbouring what they termed "Potentially Epidemic Phage (P.E.P.) 
types".
It is of course quite possible that these discrepancies 
may reflect variation in technique or the special conditions which ' 
prevail in different countries.
Carriage of starhvlococci on the skin
Theoccurrence of pyogenic strains of staphylococcus on 
normal skin was first suggested by the early work of Neisser and 
Wechsberg(l90l) and confirmed by Eutscher and Konrich (1904) and 
Koch (I9O8) using agglutination and toxin production tests to attempt 
to differentiate between pathogens and non-pathogens. Different 
people vary in the number of skin sites from which staphylococci can 
be isolated, Williams (1946) examined 11 skin sites on 50 students;
33 (70 per cent.) carried staphylococci on one or more of these sites, 
13 carried them on 3 to 9 different skin areas, and 2 had 10 different 
skin areas positive. Mackee et al. (1939) also found that certain skin 
areas frequently carried coagulase-positive staphylococci, although
-22-
in his experience, the scalp and covered areas.of the trunk, when 
free from spots, rarely yielded cultures, The face, hack of the hand 
and fingers are readily contaminated with staphylococci from the nose 
and these organisms may then he transmitted to the skin of infants, 
wounds or food,
 ^ The skin carrier rate has. been estimated as from 5 to 25 
per cent, A large proportion of skin carriers, 6o per cent,, at the 
same time yield the organism from the nose (Gillespie, Devenish and 
Cowan, 1959; Smith, 1941» Martin, 1942; Miles, Williams and Clayton- 
Cooper, 1944» Rebell, 1947» Williams, Blower, Garrod and Shooter, I960), 
Repeated examination of a small number of skin carriers (Williams,
1946) indicates that the degree of association is in fact higher than 
this, because in some carriers the staphylococci can only be recovered 
from the nose or hand intermittently. In general, staphylococci 
isolated from the nose or different skin areas on one person are of 
the same phage type (Williams, 1946; Ridley, 1959). This work has 
been corroborated by Noble et al, (1967) who found that 20 of 21 pairs 
of staphylococci isolated from the nose and fingers of the same person 
had the same phage typing pattern; the single case where they were 
different was explained as one of transient carriage.
Carriage of stanhvlococci in the throat 
The presence of Stanh. aureus in the apparently normal 
throat was reported by Shibley, Hanger and Dochez (1926); Lebron 
(1956) and was considered of little significance (Wlrth, 1929» Lakes, 
1929» Folvogt and Crowe, 1929» Lukowski, 1929» Lebron, 1929; Sawers 
and Barret, 1933) unless associated with sinusitis (Wirth, 1928).
The adult throat carrier rate was estimated by Dingle et al. (1944) 
and Campbell (1948) to vary from 4*4 per cent, to 7 per cent,, and
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Blackbum (1945) considered the figure to he probably higher in 
younger age groups, Williams (19^ 3) noted in a review that three 
Scandinavian, studies by Packalen and Bergqvist (1947)» Vogelsang 
(1951» 1958)» rates ranging from 45 to 64 per cent., Noble et al.
(1967) found throat carriage considerably lower than nasal carriage.
It is however generally accepted that nasal carriers are frequently 
also throat carriers (Vogelsang, 1951» 1953’a?Solberg, 19&5).
Factors influencing incidence of staphylococci 
Age. Reference has already been made to the high overall incidence of 
staplîylocooci in infants, particularly in hospitals and maternity units 
(Torrey and Reese, 1945)* Thereafter the nasal carrier rate declines 
so that children between six months and two years of age commonly 
have rates of around 25,1 per cent, (Cunliffe, 1949; Hurst, 1957; 
Rycroft and Williams, I960), By the age of 5 to 6 years carrier rates 
more typical of the adult are .Observed, but there is.some conflicting 
evidence: Miller, Galbraith and Green (l962:^ )found unusually high 
carriage rates in the 10 to 20 year age group, which subsequently 
declined. In a survey also involving the 10 to 20 year group. Noble 
et_al,(1967) recorded a mean rate of 35*5 per cent, for nasal 
carriage with an incidence of 42 per cent, in the 10 to I4 age group. 
Miller et al, ( 1962li) examined the staphylococcal carriage rate of 
young men entering the Royal Air Force, and found this to be 34 to 40 
per cent.
Existing information suggests nasal carriage rate shows a 
characteristic curve in relation to age (Cunliffe, 1949) and having 
reached a peak there is a fall with increasing age, Williams (1947» 
unpublished observations) swabbed hospital out-patients on their first 
attendance and found nasal carrier rates of 53 per cent., 52 per cent,.
“•2^ “
45 per cento and 58 per cento in the second, third, fourth and fifth 
decades respectively, Nohle et al. (1967) likewise reported a, similar 
age associated curve for throat carriage. The highest levels of I4 per 
cent, being recorded in the 6 to 9 age group, 15 per cent, in the 
10 to 20 years olds falling to 5 per cent, in the '50 to 60 age group. 
Sex, There appears to he verj'^ few studies in which the carrier rates 
for men and women have been compared. In one study (Miller, Galbraith 
and Green, 19^ 2a) no difference was revealed and similar results were 
obtained by Noble, Valkenburg and Walters(l9&7)«
Season and temperature. In Britain there does not appear to be any 
consistent seasonal trend (Williams, I965), In the U,S,A, however a 
definite relationship between carriage and season was described by 
Movack and Feldman (1961) particularly in the 5. to I4 age group; the 
carriage rates varied between 57, per cent, in winter and 57 per cent, ■ 
in sujTimer, Hicks et al, (1964) using a small group of volunteers, 
attempted to simulate the effect of low temperature on staphylococcal 
carriage, and reported a tendency for an increase in the rate of 
carriage of Staph, aureUs and some previous non-carriers or intermittent 
carriers became persistent carriers artificially, during the 6 weeks 
of the cold phase of the experiment,
Clianges in staphylococcal carrier rates have been noted in 
men moved.to cold climates (Cameron and Moore, I968). An investigation 
of staphylococcal epidemiology undertaken by Cameron (1970) at ah 
Antarctic research station revealed that coagilase-negatlve strains 
survive better in this environmenl^  and especially during the winter, 
than coagulase-positive ones,
Christie (1958) studied the nasopharyngeal and forearm, 
flora of a small party on expedition in Greenland for three months.
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Bacteria were identified only on the basis of microscopic appearance 
and colonial features. Christie found a decrease in the Staph, aureus 
carriage in the nasopharynx and on the skin, whilst Staphylococcus albus 
isolation rate was unaltered, A more thorough study by Sladen (1965) 
v/hioh included coagulase and phage typing techniques did not 
substantiate this finding; he found that Staph, aureus and Staph, albus 
persisted in the noses of men in his Antarctic study, though he noted 
that the number of intermittent and occasional carriers of Staph, aureus 
decreased.
Ethnic and topographical factors. Mention has already been made of 
variation in carriage of staphylococcus in hospitals in different 
countries. Most of the investigations of carrier rates in apparently 
healthy populations of adults have been made in the U.K., U.S.A. and 
Australia and have shown no significant differences* Johnson et al. 
(1960) however observed a lower rate in Northern Australia than in 
the southern part of the continent. Lower rates of carriage (20 per 
cent.) were reported from studies in West Africa (Findlay and Abrahams, 
1946) and in Borneo (Rountree, 195^ )- Rountree suggested that her 
findings might be associated with lack of clothes, for the tribesmen 
examined in Borneo were clothed only in a few leaves. Other factors, 
including perhaps the degree of skin pigmentation may play a part:
Bel Campo (1957) found low carrier rates among food handlers in Italy 
and Millian et al.(1960) obtained similar results with coloured food 
handlers in the U.S.A. In the latter study, white handlers sampled in 
the same way had a mean carriage rate of 58 per cent, Laurell and 
Melbin (1961) found that children in remote Lapp communities had 
carrier rates of 50 to 60 per cent.
On the basis of these few reports it is difficult to
- 26-
generalise, for the low carriage rates may reflect the bacteriological 
methods used, but at least it seems clear that carriage of Staph. 
aureus is not a phenomenon peculiar to advanced communities, although 
they may have higher rates than the less advanced.
Few studies have compared rural and urban populations,
Schubert (l95’Ta>,b, c) compared such groups in South-east Europe and 
found that nasal carrier rates in thinly populated rural areas were 
much lower than in towns, ’‘Miller, et al. (1962 bXn a U.K. study 
reported a carriage rate of 55 per cent, in R.A.F. recruits from rural 
areas and 40 per cent, in those from urban districts.
Histological considerations. Very little seems to be known of the 
actual site of multiplication of staphylococci in or on the epithelium 
of the nose. Ridley (1959) pointed out that the nasal epithelium 
shares with the skin of the axilla and perineum the character of 
having apocrine sweat glands; histological sections show many 
glandular structures in which staphylococci could multiply.
Price (1958) suggested that hand carriers are of two types, 
those in whom the organisms are carried superficially, and those in 
whom the organism is found in the depths of the sweat and sebaceous 
glands. Work by Lovell (1945) would tend however to support Williams* 
(1965) suggestion that the individual may have both superficial 
transients, repeatedly replenished from the nose or some other site, 
and other strains which colonise the glandular structures of the skin 
and multiply therein, thus forming a more permanent flora. Another factor 
which may influence skin carriage is thought to be the self-sterilising 
capacity of the skin (Arnold et al..1950: Cornbleet and Montgomery,
1951 ; Burtenshaw, 1938). This has been variously ascribed to acid 
reaction and action of sweat, but neither of these would appear to have 
any special inhibitory action- against Stauh. aureus (Elek, 1959).
Approaches to the classification of stauhvlocoGci
Characters used in classification. In the early years of the century 
the emphasis was on pigmentation, hut in the 1930’s this changed when 
the coagulase test and toxin production were advocated as suitable 
tests for presumptive pathogenicity.
1. fimnentation. Several workers (Winslow and Rogers, I906; Winslow 
and Winslow, 19O8) gave most weight to pignentation, and developed 
an elaborate tinctorial chart by which the colour could be graded.
By 1920 this scheme had been replaced by one based on sugar reactions 
and gelatin liquefaction.
2. Biochemical reactions. In 1907? Andrevæs and Gordon attempted, 
unsuccessfully, to correlate pigmentation with biochemical reactions 
and pathogenicity for guinea pigs. Many years later, Boudoroff (193^ ) 
found that high haemolysin and fibrinolysis production and rapid 
gelatin liquefaction were associated vfith pale colonies, but coagulase 
was constant in spite of variation in pigment.
Biochemical classification ^ vas not readily accepted although 
Budgeon (19O8) found that most strains from pathological sources 
fermented mannitol. It was noted by Cummins and Gumming (1913) that 
mannitol fermentation was unreliable because on retest several months 
later many of the strains appeared to have changed their fermentative 
properties.
3. Presumptive tests for pathogenicity. In 1928 Neisser introduced 
the term pyococcus to distinguish pathogenic staphylococci from 
saprophytic types. Pathogenicity tests with pyococci , using labor­
atory animals were rarely successful because the animals proved 
unusually resistant to staphylococcal inieictions and individual 
variation made interpretation of the results unreliable. Several in
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vitro tests such as gelatin liquefaction, urea hydrolysis, coagulase 
and the production of exotoxins were subsequently developed as 
indicators of pathogenicity,
Coagulase test^  The coagulase test (Loeb, I905) has, for many 
years held an undisputed position as a satisfactoiy indicator of 
pathogenicity and many workers have relied solely upon this test to 
identify pathogenic organisms. The recent isolation of pathogenic 
coagulase-negative staphylococci will no doubt prompt a search for 
-.-.^other definitive. character3_to replace or supplement the coagulase
See section I.vi., page 53
5. Toxins and pathogenicity. Following Klebs ( Ï872)”'~sü^ëstdW"lhiLt
micro-organisms, besides acting locally, produced substances called
sepsins, the pathogenic and often lethal effects of filtrates and
heated broth cultures was amply demonstrated by De Christmas (I888)
and Brieger and Fraenlcel (I890). There follov/ed a spate of discoveries
and investigations that clearly delineated the numerable exotoxins
of staphylococcus and the part they play in disease processes.
The discovery of enterotoxins was made by Denys (I894)
and confirmed by Barber (l914)s who produced in himself the signs
iaWi3__ 5ïVnn‘nrhciTn.Ci,..£if! j n A n  . O A M  4 y» zr XZI.lr, . o  r» +  a  — n u - - U >  n---------
See section I.v., page 45
6. Serology. Serological classification ?/as first attempted by Kolle 
and Gtto (1902) who claimed that agglutination tests with immune 
serum could differentiate pathogenic and saprophytic staphylococci. 
Walker and Adlcinson (1917) found this technique sensitive enough to 
differentiate strains of different pigment* A crude precipitin test 
was developed by Dudgeon and Simpson (1928) but failed to substantiate 
other attempts at serological classification, and although ^several —
See section I.iii., page 30
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other workers developed or improved existing serological methods, 
the technique did not come into general use in routine work,
7. Phage typing. The development of staphylococcal phage typing by 
Wilson and Atkinson (1945) was acclaimed as a suitable technique to 
assist classification. The method has been extensively used to sub­
divide species of staphylococci important as human pathogens. The 
occurrenceof lysogenic strains has limited phage typing as a system 
of classification, but the recognition of strains with specific 
phage typing patterns and fairly characteristic antibiotic sensitivity 
patterns has made the method suitable for epidemiological studies, 
particularly in hospitals.
See section I.iv., page 35
- $ 0-
Serological classification of staphylococci 
Agglutination reactions. Kolle and Otto (1902) appear to have been 
the first to study staphylococci by serological means. They found that 
sera prepared against pyogenic staphylococci agglutinated strains from 
lesions, but not those isolated from air and other sources; conversely, 
sera prepared against non-pathogenic cultures did not agglutinate 
pyogenic strains* They also showed that this approach gave close 
correlation with haemolysin production and the method appears to have 
become widely used for the recognition of Staphylococcus pyogenes.
The possibility of distinguishing between saprophytic •'and pathogenic 
staphylococci by agglutination reactions was confirmed by Proescher 
(1903); Klopstock and Bockenheimer (1904); Kourilsky and Mercier (1940). 
Veiel (1904) used agglutinating antisera to show that in cases of 
chronic eczema both pyogenic organisms and saprophytic staphylococci 
were present. Several workers subsequently attempted to develop a 
system of classification based on agglutination reactions, but in spite 
of much detailed investigation no generally accepted serological 
typing system emerged at this stage. Nevertheless Geisse (1914) and 
Walker and Adkinson (191?) found that pyogenic strains isolated from 
lesions fell into two serological groups, and although Julianelle 
(1922) was able to divide 25 strains into three distinct serological 
groups using agglutination reactions, complement fixation techniques 
revealed no differences.
Serological classes. Using agglutinating antisera, vfhose specificity 
had been increased by absorption with heterologous strains, Hine 
(1922) confirmed two main groups: Staph, pyogenes divisible into 
three serological types and Staphylococcus epidermis containing two 
types, Mellon and Caldwell (1926) found that the two main groups had
- 31-
a multiplicity of shared antigens and concluded that they must he 
derived from a common ancestor. Absorbed sera prepared by Yonaraura 
(1936) were capable of distinguishing nine specific types. Reciprocal 
agglutinin-absorption tests also gave three pathogenic types (Hopkins 
and Barrie, 192?» Stritar and Jordan, 1935? Blair and Hallman, 1936), 
Dudgeon and Simpson (1928) were unable to correlate the 
results of precipitiation reactions with cultural characteristics 
such as colony pigmentation. Julianelle and Wieghard (1955) using 
bacterial extracts or purified carbohydrates as antigens in precipit­
ation reactions, were more successful and divided I6 strains of 
staphylococci into two types: A, composed of apparently virulent 
strains and B of avirulent strains. Thompson and lüiorazo (1937) found 
an additional group among the saprophytic strains and Cowan (1938), 
a further group among the coagulase positive strains.
Further work by Gov/an ( 1939 ) using a relatively simple 
slide agglutination test with absorbed sera, established that the 
majority of coagulase positive strains fell into three types, which he 
designated I, II and III, Subsequently, six new types; 4 to 9 were 
described by Christie and Keogh (1940) and a further four (IO to I5) 
by Hobbs (1948). The original nomenclatures have been maintained 
throughout, namely Cowan’s foman numerals I,II,III, Christie and 
Keogh and Hobbs arabio 4,5,6,7,8,9,10,11,12,13. The types I,II,III and 
4 to 15 have been referred to as the 13 international types (Brodie, 
1957) apparently unofficially as there appears to be no international 
body authorised to grant recognition to staphylococcal serotypes. 
Serotypes 1 to 9 were regarded as representing major 
agglutinogens, but some strains were agglutinated by two or even three 
sera, revealing the presence of minor agglutinogens (Elek, 1959). A
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single mixture of three suitable unahsorbed antisera agglutinated 
almost all of a large series of coagulase positive staphylococci of 
both human and animal origin and could be used as an indication of 
pathogenicity (Christie, 1940). Hobbs (1948) re-examined Cowan*s 
scheme on 1,552 strains of Stauh. -pyogenes tested by the slide 
agglutination technique using the absorbed and unabsorbed sera 
suggested by Cowan; 74 per cent, of strains were identified. In her
opinion it is still a matter for discussion whether there are large
numbers of types capable of recognition by specific sera, around which 
are grouped many strains showing minor variations from the main type, 
Hobbs suggested that types such as Cowan’s I,II and III, type 7 of 
Christie and Keogh, and a strain designated 71&5 represented specific
types, and many other strains are connected with these types through
a common antigen. Alternatively there may exist several primary 
antigens in strains v/hich are identified by a pattern of major and 
minor agglutination reactions.
Using Cowan’s serologival method Mercier, Pillet and 
Chabanier (1950) were able to type 70 per cent, of their pyogenic 
strains, but some of the remainder were agglutinated by two or even 
all three sera. Alteration in sugar content or pH of medium used in 
the production of antisera was reported by Pillet, Mercier and Orta 
(1951) to alter the initial result of agglutination. Unabsorbed sera 
therefore probably detects&antigens common to a number of serologic­
ally distinct types (Pillet, Mercier and Orta, 1952; Pillet and Orta,
1952).
Early attempts by Lewandowsky (1909) and Epstein (1935) to 
demonstrate serological and biochemical differences between staphylococci 
isolated from patients with impetigo, eczema or furunculosis were not
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successful; Andersen (1943) Andersen and Heilsen (1951) were the 
first to successfully study the epidemiology and cultural character­
istics of staphylococci causing pemphigus, using serological methods. 
They found three kinds of antigen: I, heat stable; II, trypsin stable 
and heat labile; III, trypsin labile and heat labile. It formed the 
foundation of Ceding’s (1952) serological analysis and typing scheme 
for staphylococci. Ceding investigated the serological constitution 
of strains from breast abscesses and found ten antigenic characters, 
of these, two (a and d) were commonly distributed and were responsible 
for the group type of agglutination. Antigens f,h,i and k were 
apparently specific. Taking a,b,c and e as the main antigens, a 
number of types and sub-types could be described in terms that approach 
antigenic analysis of the surface mosaic. An apparently complete 
correlation was found between Cowan’s three types and Ceding’s three 
most important groups abe, ab and abc (Ceding, 1953b.). The Christie, 
Keogh and Hobbs types were considered as specific types belonging to 
one of the three groups, A serum containing antibodies to antigens a 
and 0 apparently agglutinates the vast majority of pathogenic 
staphylococci (Ceding, 1953a,) thus explaining the findings of Kolle 
and Ctto (1902), By 1954 this serological scheme could be used to type 
94*6 per cent, of hospital staphylococci (Ceding and Yogalsang, 1954), 
Its correlation with the phage typing scheme in use was published by 
Ceding and Williams (1958),
In 1957 Stern and Elek examined the antigenic structure of 
Cowan’s strains I,II and III, using the technique of graduated 
absorption of antisera with heterologous strains. The individual 
antigens identified were coded (a to h) but the scheme and letters 
do not correspond to Coding’s schema. The analysis showed that strains
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had group antigens and specific antigens; however they showed a 
degree of overlap and detailed investigation failed to reveal antigens 
which could form a suitable basis for a serological typing system. 
Complement fixation and precipitation tests. In I924 Seedorff, using 
the complement fixation test, was able to divide I70 staphylococcal 
strains into 13 serotypes and claimed that the results were more 
consistent than those obtained by agglutination. On the other hand, 
Julianelle (1922) and Hegemann (1937) found that complement fixation 
gave more non-specific results than precipitation tests.
Geographical distribution of serotypes. Very little information is 
available about the geographical distribution of different serotypes, 
Cowan (1938) using the three sera previously mentioned, was able to 
identify 70 per cent, of the strains he examined in England, Christie 
and Keogh (1940) using the same three sera identified 63 per cent, of 
strains in Australia, but Goyle and Minchin (1940) found only 33 per 
cento of strains in India classifiable by Cowan’s method.
Host specificity. Only about a quarter of the staphylococci obtained 
from various animal lesions (sheep, cows, dogs, goats and pigs) could 
be fitted into Cowan’s three types by Pillet, Isbir and Mercier (1950), 
who concluded that there was a high degree of host specificity.
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Phage typing
The lysis of Staphylococcus aureus by bacteriophage was 
first reported by Twort (1915). It was not until 27 years later that 
Fisk (1942) used bacteriophages for the identification of strains of 
this organism. He described a technique for the detection of lysogenic 
staphylococci and propagation of phages isolated from them* Fisk]: 
developed a primitive system of typing by cross culturing pairs of 
staphylococci, the appearance of lysis indicating the carriage by 
one of the strains of phages virulent for the other. Wilson and 
Atkinson (1945) extended this technique to make possible the ident­
ification of staphylococcal types in a way similar to that devised 
by Cràigie and Brandon (1936) for the bacteriophage typing of 
Salmonella typhi.
The work of Wilson and Atkinson was opportune following 
as it did the earlier recognition by Cowan (1939) that most human 
strains of Staph, aureus fell into three, serological groups. The 
strains that Wilson and Atkinson attempted to type included therefore,: 
not only strains from the main staphylococcal diseases of man,, but 
also organisms of known serological type.
Development of phage typing. Following the work of Craigie and 
Brandon (1936), Craigie and Yen (1938) succeeded in developing a 
typing system for 8.typhi containing a finite number of clear cut types. 
Wilson and Atkinson had hoped to emulate this success and find a 
single phage which could be used in the same way as the Vi-phage II 
of S. typhi. They failed, but by using a series of 18 phages they were 
able to type 82 per cent, of strains of Staph, aureus.This laid the 
foundation of the phage typing system which, with minor modifications 
and additions (Williams and Rippon, 1952; Oswald and Reedy, 1954;
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Goldberg, 1954)» is at present used extensively throughout the 
world.
Wilson and Atkinson (1945) considered a strain typahle- 
if it gave confluent lysis with one or more phages at Routine Test 
Dilution (RTD) , i.e. the dilution of phage which just fails to give 
confluent lysis on the corresponding strain of Staph, aureus. Williams 
and Rippon added a further six phages to the 18 of Wilson and 
Atkinson and in order to increase the numher of typable strains they 
were obliged to reduce the criteria proposed by Wilson and Atkinson 
so as to accept either confluent lysis or strong lysis, i.e. the 
presence of 50 or more plaques at RTD. Their convention for recording 
the strength of reactions is still used, and is described in Materials 
and Methods, page76 •
Variation in phage typing patterns. Comparative studies on strains from 
one source often revealed variation in the degree of lysis induced by 
individual phages (Williams and Rippon, 1952). It emerged from this 
that it was not possible to define a limited number of clear cut types 
as had been done in the case of bacteriophage typing of S. typhi. 
Strains of staphylococcus can be broadly characterised by their 
susceptibility to a number of phages, and this is considered a good 
guide to general relationships between strains.
According to Parker (I962) approximately 70 per cent, of 
all strains of Staph, aureus isolated from human sources are typable 
with the International set of phages (listed in Materials and Methods, 
page 7 5 ) when applied at RTD. The proportion of typable strains can 
be increased to over 90 per cent, if the untypable strains are 
tested with the same phages at IQOxRTD (international Phage Typing 
Convention, 1970). Before 1970 the test was performed using phages at
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lOOOxlîTI», but this gove rise to’certain problems'; the reactions 
are more variable than those obtained at RTD and require more skill 
in reading; strong phage filtrates may contain contaminants derived 
from the propagating strain, also phages may cause an Inhibitory 
effect on £p?ov,’th of some staphylococci producing areas of clearing 
which are difficult to distinguish from confluent lysis with secondary 
growth.
• Pha.ge typing groups. It is possible to have many different patterns 
of phage susceptibility but certain combinations occur more frequently 
than others,, Parker (1962) has reviewed and summarised theseî for 
example, lysis by phage 52 is invariably accompanied by lysis from 
phage 29, 52A, 79 or 90 (all group I phages) or a combination of 
these, rather than lysis by phages of other groups. Patterns including 
5c often contain 3A, 55 or 71 (all group II) but rarely members of 
group I, Tlie phages ejje therefore subdivided into a small_ number of 
lytic groups I, II, III, IV and a miscellaneous section, the members 
of which appear together in typing patterns and divide staphylococci 
into corresponding phage groups (Williams and Rippon, 1952; Williams, 
Rippon and Dowsett, 1953).
Most human strains of staphylococci are described as falling 
into one or other of the phage groups I, II or III, That is to say, 
phages to which they are susceptible belong to these lytic groups. 
Strains lysed by only phage 42D are placed in group IV. Two phages,
187 and 81 cannot be ftllctted to any of the lytic groups. Phage 8‘i 
lyses mcuiy strains which otherwise have patterns in group I, but i u 
also forms part of some group III patterns. Strains lysed by phage 
107 are however generally sensitive to tills phage only. In addition 
to strains falling into four pliage groups, a small percentage of
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staphylococci are susceptible to and lysed by phages in two or more 
groups. Strains lysed by phage 187 are considered by Parker (1962) to 
be distinct from strains lysed by members of the four main phage groups. 
Phage groups I, II and III correspond approximately to Cowan's 
serological groups I, II and III (Hobbs, 1948» Vogelsang, 1953 c). 
Comparable members of these groups have according to Barber and Wildy
(1958) antigenically distinct coagulases.
Geogranhioal distribution of nhage typable strains. Typable strains 
of staphylococcus isolated in the United Kingdom are usually susceptible 
to phages of groups I and III. In Scandinavian countries however, group 
I staphylococci are relatively rare and form only 6.3 per cent, of all 
typable strains (Vogalsang, 1953b)-. In Australia, Rountree (1953) 
found the majority of strains typed with group III phages.
Phage typing pattern and the toxigenicity of stanhvlococcus. Various 
attempts have been made to link the biological properties of staphylo­
cocci with phage typability, and more recently a typing pattern.
Levy, Rippon and Williams (1953) investigated the production of 
diffusible antigens, alpha and beta-haeraolysin production, fibrinolysin 
and pigment in relation to phage type, and met with little success.
Smith (1954) noticed that strains from bovine mastitis showed a 
distinct pattern as regards their ability to produce coagulase effect 
on rabbit and sheep plasma, and claimed that some correlation existed 
vfith phage patterns.
Enterotoxins. The production of enterotoxins by human strains was 
considered by Allison (1949), Williams, Rippon and Dowsétt (1953) to 
be restricted to phage groups III and IV and this v/as subsequently 
confirmed by Parker and Lap age (1957). More recently Simlcovicova and 
Gilbert (1971) examined samples from 36 incidences of staphylococcal
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food poisoning in U.K., the enterotoxigenic strains were lysed 
mainly by group III phages, but others were susceptible to phages of . 
the I, IV and miscellaneous groups. No enterotoxin producing strains 
were lysed by group II phages. This would suggest that the relationship 
between phage typing pattern and toxigenicity is much more fluid than 
previously thou^t.
Phage typing strains of stauhylococci from animal sources, and their 
role in euidemiology. Strains of staphylococci from animal sources 
appear to form a different biological group and Rountree (1949) 
found that certain phages differentiated human and animal strains. 
Earlier,Mb-,cDonald (1946), using Wilson and Atkinson's phages, found 
that more than half the strains of Stanh. aureus isolated from milk 
were lysed only by phage 42D. Williams Smith (1948a,b) confirmed 
these findings but also showed that bovine staphylococci carried a 
number of phages which could be used to subdivide strains lysed by 
phage 42D, and to type other staphylococci of bovine origin which 
were untypable with Wilson and Atkinson's set of bacteriophages.
Parker (1962) draws attention to the fact that human strains of 
staphylococci are very rarely lysed by phage 42D (the only member of 
group IV) either alone or in combination with phages from other groups. 
Cbly 0,7 per cent, of human nasal strains and about 0.3 per cent, of 
strains from septic lesions belong to phage group IV. These strains are
found only in human pathological material obtained from subjects ...
suffering from staphylococcal food poisoning (Parker, I962). Simkovicova 
and Gilbert (19?1) isolated staphylococcus from cheese which was 
susceptible to 42D and produced enterotoxin D; a second enterotoxigenic 
organism isolated in the same survey was lysed by both 42D and a 
range of phages from groups I and III. Association of group IV strains 
is particularly interesting because staphylococcal food poisoning
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outbreaks in England, and Wales caused by phage group IV strains 
account for approximately 7*4 per cent, of cases.
Strains of Stauh. aureus from sheep are usually untypable 
with the International set of bacteriophages, but may be subdivided 
using phages isolated from ovine staphylococci (Williams- Smith, i|948b). 
This also applies to the typing of staphylococci from several other 
animal species including monlceys (Williams Smith, 1948b; Rountree, 
Freeman and Johnston, 1956). It would appear therefore that a clear 
demarsa-tion exists between staphylococci of man and animals, particularly 
cattle. There is however, evidence that the dog may, under certain 
cijbcumstances, be a source of staphylococci important in human disease 
(.fagano et al.. I96O; Live and Niohols,196l). Daniel (1962) and Deffner 
(1964) examined staphylococci isolated from wild mammals and domestic 
animals and found no clear distinction between these strains and others 
of human origin, apart from the frequency distribution of haemolysin 
and phage typing patterns. This finding was confirmed by Plommet and 
Wilson('Î9é9) who also found that some animal species such as squirrels, 
mice and brown bats did not appear to carry staphylococci.
The development of a unified system of phage typing dealing 
with both animal and human strains would be extremely useful. It 
would provide a valuable tool for epidemiological studies on the 
transmission of staphylococci betvæen different species.
Phage typing and human stanhvlococcal diseases 
Bacteriophage typing has often been used for the elucidation 
of epidemiological problems of staphylococcal infection. Several 
workers have reported the association of the carriage of Stanh. aureus 
on the back of the wrist with its carriage in the nose, and Gillespie 
et al. (1939) demonstrated the serological identity of nose and skin
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strains; the numerical association was reported by Miles et al. (1944)*
A number of outbreaks of pemphigus neonatorum have been 
studied using phage typing to trace the source and dissemination of 
the causative organisms, Parker and Kennedy (l949) found that adults 
were not the source of infection and suggested that the, main path of 
infection was from infant to infant. In 1950» Miller examined 22 
infants suffering from the disease, and found that each outbreak was 
due to a single bacteriophage type of Stauh. aureus. The strain 
susceptible to phage 3A was isolated from lesions of 16 infants, the 
upper respiratory tract of unaffected infants and the air in the 
mother's ward. Denton, Kalz and Poley (1950) established that the 
most probable route of infection was direct contact and the most likely 
source was the nurse carrier.
A high Incidence of types 55/71» 52/52A/80 and 80/54 from 
skin lesions was reported by Ishihara et al. (1959), whilst phage 
types 80, 80/S1 and 55/71 were associated with breast abscesses, but 
identical strains' were isolated from the breast abscesses of mothers 
and the noses and throats of their infants by Colbeck (1949)» Wallmark 
and Melin (1954) • With the exception of cases of impetigo.,Lyielding strains 
lysed by phage 71/(barker et al. (1955)? and Parker and Williams ,1961).', 
attempts to identify staphylococcus from nosological entities with 
certain phage types have not been altogether successful. Ishihara et al.
(1959) claimed however that strains susceptible to group II phages 
were implicated in osteomyelytis, and group I with myositis.
Strains obtained from post influenzal staphylococcal 
pneumonia have been found to belong to a number of different phage 
groups, showing that no epidemic strains exist (Stuart-Harris, Laird, 
Ty3n?ell, Kelsall and Pranlcs, 1949» Van Tongeren, 1954)* Patients
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treated in hospitals for such conditions may be infected with a so- 
called hospital staphylococcus. Thus strains of staphylococcus that 
phage type 52,52A,80 and 81 appear to differ from the rest of the 
group in their ability to give rise to outbreaks of severe sepsis.
It has also been recently reported in a leading article in the British 
Medical Journal (l97l) that staphylococci typable with phages 84 and 
85 have an exceptional capacity to colonise many patients in hospital. 
Geographic variation. Most studies have been restricted to the dis­
tribution and variation of hospital strains of staphylococci^ thus the 
phage types found in lesions in England may differ from those in Canada 
or Australia (Rountree, 1953? Bynoe etal.. p.156). Rountree and Freeman 
(1955) also typed a strain lysed by phage 80 which caused furunculosis in 
the staff of a hospital and neonatal infections throughout Australia, 
Mordvinova et al. (1969) found no significant differences in phage types 
distributed among healthy and ill subjects, and that staphylococci 
susceptible to group I and III phages were equally and widely distributed.
In Rumania, Teodovovici et al. (l969) phage typed staphylococci isolated 
from the nasopharynx of 106 individuals, and found strains of group II 
predominated among out-patients and group III strains infected hospital in­
patients. They also reported a fall in the number of strains susceptible 
to phages 80, 8O/8I, which are considered to have a high epidemic potential. 
The incidence and distribution of certain types of hospital strains of 
staphylococci may vary from one country to another but there is no 
evidence to suggest that similar difference occur in strains isolated from 
healthy urban communities.
Changes in phage tvuinfr pattern. Gross changes in phage typing may 
result from loss or acquisition of a lysogenic phage. The ubiquitous 
distribution of staphylococcus is well known, and it is possible for 
two or more strains to be isolated from the same site (Parker, 1962).
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Exchange of phage material and bacterial genome may occur and 
mechanisms such as transduction or transformation may be involved.
Many epidemic strains are lysed by phage combinations 52,52A, 80 and 
81; they form a group in which large variation, in pattern is seen, 
and are often implicated in hospital infections. Cooper et al. (1962) 
refers to these strains as Potentially Epidemic Phage (P.E.P) types; 
some are lysed by phages 80/81, others have pattern 52/52A/80/81. It 
has been suggested therefore that these strains may have arisen from 
a common source (Asheshov and Rippon, 1959; Rountree, 1959; Rountree and 
Asheshov, 1961).
Phage pattern and antibiotic resistance 
In every country investigated it has been found that the 
majority of penicillin resistant strains are susceptible to group III 
phages (Barber and Whitehead, 1949; Fouace and Lutz, 1953; Vogelsang, 
1953a; b; Fusille et al..1954: Wallmark, 1954b, c, d; Wise and Cranny, 
1954; Desranleau, Martin and Saint-Martin, 1955; Goslings, Hein and 
Bots, 1955). Ishihara et al. (l959) found the majority of antibiotic 
resistant strains typed with group I and III phages, and the remainder, 
if phage sensitive, lysed with group II. These workers also reported 
that 89 per cent, of strains from hospital lesions were resistant to 
streptomycin and typed with phage 80 which belongs to group I. By 
comparison, Miller et al.(1962b) in a study of Royal Air Force personnel 
found that nearly half of the penicillin resistant strains isolated 
belonged to phage group I. This confirms, to some extent, the 
findings of Elwood (l95l), that group I strains were invariably 
penicillin resistant. Earlier work on strains showing resistance to 
streptomycin, the tetracyclines and erythromycin suggested that they 
belonged predominately to group III (Jackson, pepper and Dowling, 1954;
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Knight and Holzer, 1954). Following the work of Barber and Burston 
(1955)^ antibiotic resistant staphylococci have been found in every 
phage group. Elek (l959) has suggested that group III staphylococci 
may have a high mutation rate. Alternatively they may possess plasmids 
which allow them to adapt rapidly to the selective pressures of 
antibiotics.
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S'baphylocoooal exotoxins 
The suggestion that micrococci produced disease by. means 
of diffusible substances was first made by Klebs in 1872, when he 
referred to these products as sepsins. This concept was supported by 
the work of De Christmas (1888), who demonstrated that filtrates of 
staphylococcal cultures caused inflammatory reactions in animals, 
Brieger and Fraenkel (I89O) reported that these filtrates were necrotic 
to skin and lethal when injected into rabbits* Thereafter, Rodet and 
Courmant (1892, 1893); Mosney and Marcano (1894); SalvioIi(l894); 
Delezenne (I898) and von.lingelsheim (19OO) confirmed the existence of 
staphylococcal toxins.
Arising from this work was a system of classification based 
upon the effect of the toxins on tissue rather than on their chemical 
constitution. In addition to the dermonecrotic and lethal effects, a 
leucocidal action on rabbit white cells was demonstrated by Van de 
Velde in 1894» He also described a lytic action on rabbit erythrocytes, 
and this was subsequently confirmed by Kraus and Clairmont. (19OO),
By 1910 a great deal of information about toxins was knovm, 
and about other substances such as coagulase (Loeb, 1905) and 
fibrinolysin (Much, I9O8), In addition, antibodies to many of these 
toxins had been prepared and demonstrated. The subject however, appears 
to have been largely neglected until the Bundaberg disaster of 1928, 
This aroused interest, and following the work of Burnet (1929) 
resulted in a realignment of effort that sought to understand the 
relationship of toxin to fundamental pathology and disease processes, 
Haemolysins, The haemolysin first described by Kraus and Clairmont 
(1900) is today Icnown as alpha lysin. Although rabbit erythrocytes are 
most sensitive to it, sheep, cow and goat erythrocytes are also
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damaged. Conversely, human, guinea pig and horse red cells are almost 
entirely resistant to its action. The red cells of other animal species 
occupy an intermediate position (Dolman, 1932? Bryce and Rountree,
1936; Flaum and Porssman, 1936; Minett, 1936; Rigdon, 1939&; Porsaman, 
I94O; Williams and Harper, 1947). /
Several workers have attempted to examine the relationship 
of alpha haemolysin to pathogenicity. Mercier (1939) considered that 
if the toxin is necessary to cause disease it would he reasonable to 
expect it to be produced by every pathogenic strain. The close 
correlation of alpha lysin production and coagulase has been confirmed 
by Chapman, Berens,Peters and Curcio (1934); Bryce and Rountree (1936); 
Cowan (1938). The problem regarding the implied role in virulence was 
whether this correlation is absolute, Gillespie, Devenish and Cowan, 
(1939) found all coagulase positive strains produced alpha lysin, and 
this was confirmed by Christie, North and Parkin (1946). However 
Schwabacher, Cunliffe, Williams and Harper (1945) found that in a 
large sample of coagulase positive strains only 91 per cent, produced 
alpha lysin, and Jackson, Dowling and Lepper (1955) found 82 per cent, 
itirther work using antitoxins to absorb out extraneous lysins showed 
that 93 to 96 per cent, of coagulase positive strains produce alpha 
lysin (Williams and Harper, 1946» 1947; Eltsk,and Levy, 1950), There is 
no correlation according to Dolman (1932) and Tager and Hales (1947) 
between the severity of the disease and the amount of rabbit cell 
lysin produced in vitro, Porssman (1958 ) suggested that the alpha 
lysin was probably an antigenic secretion harmless to man. Experience 
with the therapeutic use of alpha antitoxin and the lack of success in 
clinical situations probably popularised this view (Debr^ Bennet and 
Thieffry, 1937) and the general concensus was that no definite statement
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could be made about the true relationship of alpha lysin to patho­
genesis.
The demonstration of a second, serologically distinct 
beta haemolysin in 1935 by Glenny and Stevens .represented a notable 
advance and resolved many anomalies observed when Ramon titrations of 
staphylococcal filtrates were performed. The hot-coldeffect of beta 
haemolysin on sheep erythrocytes had first been noticed by Baerthlein 
(1914) but the separate identity of beta haemolysin was confirmed 
by Plaum and Porssman (1936). Reports on the susceptibility of human 
eiythrocytes to these lysins is confusing. Christie and North (1941) 
and Vifilliams and Harper (1947) found that human red cells were no.t 
susceptible, however when Christie and North mixed alpha and beta 
lysins together, human erythrocytes were damaged.
Williams and Harper (1947) observed a third lysin which 
was not neutralised by alpha or beta antitoxins. The lysin was 
called delta haemolysin and it was found that unlike alpha and beta 
haemolysins, it acted on human, raonlcey, horse, rat, mouse and 
guinea pig erythrocytes (Marks and Vaughan, 1950). Little definite knowledge 
is available about the toxicity of delta lysin, although it has been 
suggested that it may have a leucocidin effect. The association 
of delta lysins with pathogenicity is considered by Joiris (l952) 
to be similar to that for alpha lysins.
In a recent survey Zalcarian (1967) examined I70 strains 
of coagulase positive staphylococci for haemolysins, using the method 
of Elek and Levy (l950)» One hundred and six strains were isolated from 
faeces of children suffering from forms of colitis, 36 from vomitus 
and food poisoning sources and 28 from faeces of healthy children.
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The colitis strains produced alpha-beta and alpha-delta lysins and 
al-pha and alpha-beta haemolysins prevailed in the strains isolated 
from food poison sources. The faeces of healthy children carried 
strains of staphylococci that produced alpha-delta haemolysins. Ihese 
results are comparable with those of Elek and Levy (1950), who 
showed that staphylococci from man usually synthesise alpha-delta and 
alpha-beta-delta haemolysins.
Lethal toxins. The effect of lethal toxins on rabbits was well known 
before the turn of the century (Rodet and Courmont, 1892; Mosny and 
Marcano, 1994» von Lingelsheim, 1900). Rabbits, guinea pigs (Nicolle 
and Cesari, 1914» Parker, 1924; Gross, 1928, 1930; Dolman, 1932; Burky, 
1933 )» pigs (Parish and Clark, 1932) and mice (Rid'^ on, 1939b) are 
susceptible. No difference can be found in dermoneorotoxin production 
between strains isolated from human lesions and strains obtained from 
nasal carriers or from the conjunctiva (Elek, 1959)* In addition, there 
is no correlation with the clinical severity of the lesion (Stevens 
and Carp, 192?) and neutralisation is effected by a single antitoxin 
(Allen and Braley, 1939)*
Leucocidic toxins. The leucocidio effect of toxins was first observed 
by Van de Velde (1894)*who reported that the pleural exudate produced 
by the injection of virulent staphylococci had a destructive effect 
on rabbit leucocytes. Confusion followed the publication of this 
work because of the difficulties in differentiating between haemolysins 
and leucocidins. The work of Neisser and Wechsberg (I90I) and later 
Tomalci (1928) led to the conclusion that seja rate substances were 
involved. Clarification of this came when Panton and Valentine (1952) 
found that human leucocidin was distinct from haemolysin acting on 
rabbit cells, and conclusive proof was offered by the finding of strains
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producing haemolysin without leucocidin and vice versa. This second 
leucocidin came to he kno^m as the Panton-Yalentine leucocidin to 
distinguish it from the ITeisser and Wechsherg leucocidin that acts 
only on rahhit leucocytes.
Valentine (1936) suggested that human leucocidin plays the 
.more important role in the development of lesions. This is supported 
hy the findings that anti-leucocidin titres show an earlier and more 
marked rise than the corresponding alpha lysin titre (Valentine and 
Butler, 1939)» In addition, over 75 per cent, of pathogenic strains 
isolated from human lesions produce human leucocidin (Panton and 
Valentine, 1932; Valentine, 1956). More recently, Jayakar and 
Bhaskaran (1968) examined 100 strains of coagulase positive staphylococci 
isolated from nose, throat and skin of carriers and found only 25 per 
cento of these produced leucocidins, 50 per cent, alpha lysins, 9 per 
cent, heta lysins and 18 per cent, delta lysin. These results are in 
agreement with the findings of Hinton and Orr (l957)o 
Leucolysin. Gladstone and van Heyningen (l95?) produced evidence that 
there are undoubtedly two leucocidins, in addition to the Neisser and 
Wechsberg leucocidin, which they described as a different indicator 
effect for the alpha lysin. One of these is the Panton-Valentine 
leucocidin, which causes detrimental changes in the cell without 
lysing it. The other they refer to as a leucolysin^  this causes lysig 
and is produced by a large number of coagulase positive staphylococci 
and by some coagulase negative strains.
Hvaluronidase. Of all the metabolic products of staphylococci, hyalur- 
onidase offers the most facile link with potential; pajfchogenicity and 
was first described by Burran-Reynals (1933) and Terada (1934)» Chain 
and Buthie (1939? 1940) showed how a mucolytic enzyme was involved.
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and identified it as hyaluronidase acting on mucopolysaccharide widely 
distributed in connective tissue.
The effects of staphylococcal hyaluronidase have been 
extensively studied (Parker, I924? Duran-Reynals, 1953» Schwabacher, 
Cunliffe, Williams and Harper, 1945), The latter vforkers reported that 
95*6 per cent, of coagulase positive strains examined produced 
hyaluronidase, whilst none of the coagulase negative strains produced 
the enzyme. Under the experimental conditions of the survey quoted 
it was found that 86,7 per cent, of the strains produced both hyaluron­
idase and alpha haemolysin.On the basis of these results Schwabacher 
et al.concluded that the reputed non-invasion by coagulase negative 
strains shows that they represent a biologically distinct group, lacking 
not only hyaluronidase, but also the characteristic haemolysins of the 
pathogenic group as well as other exotoxins, Elek (1959) has stressed 
the point that "the repeated and frequent association of a diffusible 
product with a pathogenic organism does not necessarily mean that the 
product in question contributes to pathogenicity,"
Eibrinolysins. Salvioli (1894) whilst investigating the physiological 
effect of injected staphylococcal filtrates, noted a decreased 
coagulability of the blood, Fibrinolytic activity was first shown by 
Mich (19O8) and this was confirmed by several workers (Gratia, 1919a-, 
b,c; Aci, 1932; Gengou, 1933)» Madison (1955) showed that strains from 
deep lesions in man produced more fibrinolysin than strains from 
superficial lesions. Animal strains do not generally lyse fibrin clots 
of human or animal origin (Madison and Bart, 1956; Christie and Wilson, 
1941). It was reported by Christie and Wilson (1941) that fibrinolysin 
is nojî produced by strains producing beta haemolysins; this inverse 
relationship of beta haemolysin production and fibrinolysin was also
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noted by Rountree (194?) in Australia, where animal strains are often 
associated with human infections. It does not appear to apply for 
strains isolated from huiTian lesions in the United Kingdom, 89 per 
cent, of beta haemolytic strains, according to Levy (1952) also show 
fibrinolytic activity.
Lack (1948) showed that the mechanism of staphylococcal 
fibrinolysin was similar to streptococcal fibrinolysin. He proposed 
the name ’Staphylokinase•, and this term has been generally accepted. 
Similar evidence was produced simultaneously by Gerheim (1948) and 
Gerheim, Ferguson, Travis, Johnston and Boyles (l948).
Bnterotoxins. The risk of poisoning from the ingestion of food 
containing enterotoxins produced by coagulase positive staphylococci 
is well known. The characteristic syndrome was first described in 
the nineteenth century (see Back, 1949» for a historical review), 
but the first association with staphylococci is due to the w^ ork 
of Denys (1894), Owen (190?) corroborated these findings by reporting 
an acute intestinal intoxication in 19 people in Kalamazoo, Michigan, 
U.S.A.
It has subsequently been found that nearly all enterotox­
igenic strains of staphylococci are coagulase positive,^ut apparently 
there is no correlation between enterotoxigenicity of food poisoning 
strains and production of other toxins or virulence factors (Aiigelotti, 
• 1969)« More than one immunological type of staphylococcal enterotoxin
has been conclusively established by several investigators (Surgalla, 
Bergdoll and Back, 1953? Gasman, I96O; Bergdoll et al.. 19^5I 
Gasman et al., 196? )-> Classification has been based on precipit­
ation reactions with specific antibodies, and the enterotoxins A,
ByOfB. and E are now recognised (Gasman, Bergdoll and Robinson, 1963;
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Bergdoll et I965; Gasman et al.. I967).
Enterotoxin A is often implicated in food poisoning (Gasman 
et al. 1967), enterotoxin B is seldom associated with food poisoning, 
but is produced along with enterotoxin A by staphylococci from hospital 
patients suffering from enterocolitis (Surgalla and Back, 1955; Gasman, 
i960),The C enterotoxin is sometimes implicated in food poisoning and 
seems unique in that it is consistently emetic for monlceys, but 
variably emetic for the cat, Enterotoxin B is also associated with 
food poisoning strains of staphylococci, but many of these also produce 
entertoxins A,B or 0 (Gasman et al.. I967), Finally, a fifth enterotoxin, 
E has also been included but has not yet been fully characterised. 
Comprehensive reviews on the enterotoxins have been made by Bergdoll, 
(1967); Gasman (19^ 7)» and Angelotti (19&9).
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Staphylocoagulase 
In 1903 loeb reported that a strain of staphylococcus was 
capable of coagulating goose plasma, A few years later, Much (19O8) 
observed that some staphylococci clotted human, horse and sheep plasma, 
furthermore the clots dissolved if incubated at 5 7 for 5 to 4 days, 
thus demonstrating the presence of a fibrinolysin. The clotting 
property was named staphylokinase by Much; but Lack (1948) incorrectly 
applied this term to fibrinolysin v/hich, according to Cowan (1962) Much 
discovered but did not name. The name staphylocoagulase for the 
clotting principle is attributed to Gratia (1920),
Significance of the coagulase test. The significance of the coagulase 
test, to differentiate pathogenic staphylococci from saprophytic 
organisms of similar morphology and biological behaviour, was not 
appreciated for some time, Bar^yi (1925» 1926, I927, 1935) undertook 
several comparative studies of the laboratory tests used to determine 
disease potential, and advocated the coagulase test as a presumptive 
test for pathogenicity. This was corroborated by Gross (1927)» Calissano 
(1927) and Kemkes (1928), The rediscovery of coagulase and its 
association with strains from pathological lesions appears to have 
been made more or less simultaneously in different parts of the world 
(Morosowa, 1930; Chapman, Berens, Paters and Curcio, 1934» Fisher, I936; 
Cruikshank, 1937» Fairbrother, 1940). 'The work of Chapman in the U.S.A. 
drew attention to the usefulness of this test as an indicator of 
pathogenicity.
The work of Fisher (1936c.) included a study of both coagulase 
and fibrinolysin of staphylococci and showed that some strains 
destroyed fibrinogen before clotting occurfe4 He also confirmed 
Walston's (1935) observations that Seitz filtered broth cultures were
unsuitable for the test. It was also observed that whilst the test is 
simple, small changes in technique could affect the results and probably 
account for discrepancies in correlating coagulase to other characters.
In 1945» Cadness-Graves et al, established that pathogenic strains of 
staphylococci formed free and bound coagulase and Buthie (1954)» using 
slide and tube tests, confirmed this distinction. When Smith (1962) 
examined strains from dogs he found that slide tests gave fewer positives 
than tube tests and that human plasma gave fewest positives, rabbit 
and sheep plasma gave many more. Cowan (1962) examined human strains 
of staphylococci and found more positives using human and rabbit plasma. 
The role of coagulase in disease. Coagulase may play one of two roles 
in the disease-producing ability of staphylococci; it is either 
involved in the initiation of the lesion, or protects the lesion once 
formed, Belrez and Govaerts (19I8) have proposed that coagulase impedes 
the mechanism of elimination of the cocci, and Kocsard (1952) believes 
that blockage of lymphatic vessels by coagulase is important in skin 
eruptions, Coagulase positive staphylococci have also been found to 
resist the baotericidal^aotioncof human defibrinated blood (Spink and 
Vivino, 1942) whilst coagulase negative strains were readily killed. 
Extracts of culture filtrates from coagulase positive strains rich in 
coagulase, when added to normal human serum, allow profuse growth of 
coagulase negative strains in it, while similar concentrates from 
coagulase negative strains have no such effect (Ekstedt and Nungester, 
1955)* It would be unwise to deduce from this evidence that coagulase 
positive staphylococci necessarily owe their resistance to coagulase ■ 
production, particularly in the light of recently reported cases of 
coagulase negative endocarditis, Coagulase may contribute to the 
offensive arsenal of staphylococci, but Lack (1956) considered it
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unwise to over emphasise its importance.
The interest of medical microbiologists in the coagulase 
test is purely utilitarian, providing them with an empirical line of 
division between potentially pathogenic, and non-pathogenic organisms, 
and a convenient technique for routine laboratory work. The part 
played by coagulase in the successful invasion of the host is generally 
considered of secondary importance.
Antibiotics and, resistance 
In 1924» Fleming reported, that many antiseptics in 
popular use were as toxic to the tissue cells as to the bacteria, 
and they rarely met with the requirement of selective toxicity which 
Ehrlich (1904) had enunciated. The chance discovery of penicillin by 
Fleming in 1928 was followed by a number of laboratory and clinical 
trials (Fleming, 1929; 1932) which demonstrated, the efficacy and 
selectivity of this antibacterial agent.
The development of penicillin. Eleven years later, chemical 
purification of penicillin by Chain, Florey,' Gardner and Heatley (1940) 
made it suitable for systemic administration. The therapeutic effect 
of penicillin on mice infected experimentally with staphylococci was 
confirmed by Powell and Jamieson, 1942; Kempf and Herrick, 1945 and 
similar results were obtained in rabbits (Maragliano, 1947)* Penicillin 
also saved chick embryos infected with lethal doses of Staphylococcus 
aureus, an achievement which could not be repeated with bacteriophage, 
antitoxins, sulphathiazole or other agents (Epstein, Foley and Lee, 
1944; Jern and Meleney, 1945; Sonea and Frappier, 1955)*
The first clinical trials with systemic penicillin were 
carried out in Oxford in 1941» aud demonstrated its immense value in 
the management of some diseases, Florey and Florey (1943) showed that 
generalised staphylococcal infection could be cured with systemic 
penicillins Following the report of Dawson, Hobby, Meyer and Chaffee 
(1941) large-scale clinical trials were carried out in the U.S.A. by 
Keefer et al,(1945) confirming earlier claims. Similar results were 
obtained in Canada (Silverthorne, 1943) and elsev/here, as penicillin 
became available.
Resistance to penicillin. The existence of penicillin-resistant
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staphylococci was soon known (Fleming, 1942) but the versatility, 
mutability and adaptability of this organism appears to have been 
largely ignored. Abraha^ ii et al. (1941) showed that the resistance of 
Oxford strains of staphylococci, used for penicillin assay, could be 
increased a thousandfold by growing in sub-inhibitory concentrations 
of penicillin. Similar observations were made by numerous workers 
using other strains of Staph, aureus (Rammelkemp and Maxton, 1942;
Rake, MeKee, Hamre and Houch, 1944; Spinlc, Ferris and Vivino, 1944?
Bondi,and Dietz, 1944? 1945? Chain and Duthie, 1945? Levine and Thomas, 
1945? Eriksen, 1946? Blair, Carr and Bachman, 1946? Sullivan, Stahly, 
Birkeland and Myers, 1946; Wolinsky and Steenken, 1946; Graessle and 
Frost, 1946? Spink and Ferris, 1947? Frieden, Whiteley and Frazier, 1947; 
Segalove, 1947? Faguet, 1948)* The gradual increase in tolerance was 
first ascribed as adaptation to the drug since sub-culture and growth 
in a medium free of antibiotics often resulted in loss of resistance 
(Todd, Turner and Drew, 1945a,b; Eriksen, I946; Frieden, Miiteley and 
Frazier, 1947)*
It was reported by Demerec (l945a/b; 1948) that resistance 
to penicillin was not induced by the drug, but originated in spontaneous 
genetic mutation. He postulated that bacterial populations, even of 
single species were not homogeneous, and that a sensitive population 
of staphylococci is composed of individuals with varying sensitivity. 
Demerec confirmed this using the fluctuation test of Luria, Delbruck 
and Andersen (1943)* Although in certain statistical details the 
fluctuation test has been critisised, the concept of spontaneous 
mutabion has received confirmation by other experiments. The most 
notable of these was the replica plating technique of Lederberg and 
Lederberg (1952). It was also shown by Demerec that in the acquisition
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of resistance a step-wise increase in the degree of resistance can 
he brought about by selection. Penicillin resistance in staphylococci 
was regarded by Elek (1959) to be relatively simple and well defined, 
and all that was required to avoid the development of mutants shov/ing 
resistance was maintenance of high therapeutic levels of antibiotic. 
Several other workers including Chabbert, Baudens and Bouanchaud (19&9) 
agree with Elek, The dangers of accepting such an empirical approach 
are twofold: firstly, satisfactory methods of assaying serum levels of 
antibiotics have not been fully developed and the risk.of prescribing 
toxic levels of antibiotics to attain sufficiently high blood 
concentrations to prevent the selection of a mutant may present many 
problems in the clinical management of disease. Secondly, indiscriminate 
prescribing and inadequate supervision of patients, particularly in 
general practice, may prevent high and sustained levels of antibiotic 
being maintained. If a patient does not complete*-à course., of'treatment 
the risk of selecting out a resistant mutant may be increased.
In 1948» Barber and Rozwadowska-Dowzenko reported that 
resistant strains do not breed true, but tend to give rise to penicillin 
sensitive daughter colonies, Tpfenty of the patients they examined 
carried mixed cultures of penicillin sensitive and resistant strains.
It is quite probable that many of the organisms developed resistance 
to penicillin as a result of spontaneous mutation, whilst others 
acquired resistance by some other mechanism. Similar observations have 
been made more recently by several workers examining organisms knov/n 
to possess extra-chromosomal plasmids. One consequence of the extra- 
chromosomal location of a plasmid is that it can be lost spontaneously 
from a culture at a frequency rate greater than that expected from 
spontaneous mutation rates. Loss of the plasmid is usually associated
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with loss of all the genetic markers carried on them. Thus cultures 
carrying organisms with resistant-transfer factors always contain 
some drug>-sensitive strains^Fredericq, 1957? Watanabe and Fukusajwa,
1961 ; Hayes, 1963).
The clinical significance of bacterial resistance^ to 
antibiotics varies according to the nature of the mechanism controlling 
it. In staphylococci, penicillin resistance governed by,multiple 
chromosomal mutations was not a clinical problem according to Chabbert, 
Baudens and Bouanchaud, (19&9) until semi-synthetic penicillins were 
developed. When a plasmid-controlled ability to synthesise penicillinase 
evolved in staphylococci, the search for new anti-staphylococcal 
agents became urgent. It is generally believed that extra-chroraosomally 
controlled resistances present more serious medical problems.
The nature of antibiotic resistance. The tvm types of resistance 
differ in a number of ways. Resistances controlled by chromosomal 
mutations have the following characteristics: mutation rates are low 
(10 ® to 10 and selection of resistant strains will only occur in 
infections in which bacterial populations are sufficiently large. It 
has been suggested by Sorice and Grtona (1955')I Ortona and Sorice,
(1955:» 1954) and Finland and Wilcox (1955) that the selection of 
antibiotic resistant mutants can be avoided by treating infections 
with a combination of unrelated antibiotics, or antibiotics and sulpha 
drugs (Ungar, 1945; Bigger, 1944; Kirby, 1944a; Bonet-Maury and Perault, 
1946a,b; El Borolossy, 1951)*
A number of distinct extrachromosomal elements have been 
detected in strains of Stanh. aureus. These elements usually carry 
genes conferring resistance to antibiotics and in many ways they seem 
analogous to the non-transmissible R factors of some enteric bacteria»
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Although the staphylococcal elements have some of the properties 
associated with true episomes the term has not been used, instead 
the word plasmid (Lederberg, 1952) is used. This choice was made by 
Eovick (1965)? largely to avoid the difficulty that staphylococcal 
elements do not fall precisely within the rather restricted definition 
of an episome (Jacob and Woilman, 1958) as a genetic region capable 
of reversible association with the bacterial chromosome but which 
does not alter the genetic complement of the cell in the process.
Several distinct types of plasmid conferring resistance to 
tetracycline (May, Houghton and Perret, I964); chloramphenicol, 
erythromycin (Richmond and Johnston, 19&9) have been detected. However, 
the elements conferring resistance to penicillin have been examined 
comprehensively by Hovick (1965, 1967)? Richmond (1965a, 1968)5 
R ovi ck and Ri chm ond ( 19 65) <•
According to Riclmond and Johnston (1969) resistance to 
penicillin in Staph, aureus is invariably mediated by a penicillinase 
plasmid. A few strains, usually of phage group I, exist in which the 
penicillinase region is not located on a plasmid but forms part of 
the bacterial chromosome. There appears to be no restriction on the 
co-existence of penicillinase, tetracycline, chloramphenicol and 
erythromycin resistance in Staph, aureus, and this is analogous with 
the situation in some Enterobacteriaceae Staphylococcal strains with 
multiple resistance are common in hospitals (Willi’ams,.' Blowers, Garrod 
and Shooter, I96O5 Shiraha, I965? Hui and Loo, 1970? Genchikov,
Atopek, Kalyulc and Salcolovslqc, 1970? Tubylewicz and Sadowski, 1970) 
and some strai.ns of Stanh. aureus isolated from post-operative wound 
infections carry at least the penicillinase cX p^lasmid and a tetracyc­
line resistance plasmid (Richmond, 1964? Dyke and Richmond, I967).
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Ctiaraoteristics of plasmids found in Staphylococous aureus» Richmond
and Johnston (I969) found that all plasmids conferring resistance to 
penicillin in staphylococci of phage groups I and III do so by virtue 
of inducible penicillinase enzymes. Strains of staphylococci 
susceptible to group II phages have been less fully investigated. The 
plasmid is formed by a group of gen#s which, according to Richmond
(1967) contain p, regulatory region designated i^  and ig that is 
responsible for the indudibility of the enzyme,’and two types of 
structural genes (pA and pC) that specify two structural and immuno­
logical variants of the penicillinase molecule designated A-type and 
C-type (Richmond, 1965b)., A further structural gene (pB) occurs on 
plasmids of phage group II staphylococci and according to Richmond 
(1965b) specifies a third structural variant of the penicillinase 
molecule*
Other genetic markers may be found on penicillinase 
plasmids. Constitutive resistance to erythromycin (ero^ ) was found 
by Weaver and Patee (1964) to be quite distinct from the inducible 
tjipe that is mediated by a plasmid* The presence of an(ero )^marker 
and a penicillinase region on the same plasmid is considered rare 
under natural conditions. Other genetic markers on penicillinase 
plasmids confer resistance not only to antibiotics but also metal 
ions, mercury (Hg^ ) (Richmond and John, I964), cadmium ions (Cd^ ), 
lead ions (Pb^ ), arsenate (Asa^ ), and arsenite (Asi^ ), (Novi.ok and 
Roth, 1968). Penicillinase plasmids emerge as a range of genetic 
linlcage groups of various sizes and including several markers. At 
least 11 different types of plasmid have been described by Richmond
(1968) and additional examples are now known.
As previously mentioned, in some phage group I strains of
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staphylococci the penicillinase marker is not carried on a plasmid 
but is part of the bacterial chromosome. Richmond and Johnston (1969) 
have reported that these strains were frequently resistant to 
oa,dmium, mercury ions and arsenates suggesting the presence of a 
Cd^ o Hg^ o Asa^ plasmid which has no penicillinase region. The close 
genetic relationship of the Gd^ . Hg^ . Asa^ plasmid and the integrated 
penicillinase structural and regulatory genes is underlined by the 
fact that recombination between these two groups of markers can, in 
certain circumstances, give rise to true penicillinase plasmids 
carrying all four genetic determinants (Asheshov, 1966a),
It is remarkable therefore that penicillin, developed 
initially to eradicate Staphylococcus aureus and thus reduce the risk 
of wound infections has, together with other antibiotics, contributed 
to the evolution of strains possessing subtle genetic mechanisms that 
render the antibiotics ineffective, ihe epidemic spread of resistant 
bacteria will probably occur only under a constant selection pressure 
from antibiotics, A reduction, or a rational policy for their use 
might lower the selection pressure.
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Aimc Qj? oreoeni; v/ôrlc 
Tbo general aims of the work plannod were as follows:-
1. To undertake a serial study of dtanhylococcus a ; ireus carriage in 
a non-hospital population of healthy adults and children.
2. To determine the contemporary patterns of resistance to a range of 
therapeutic antibiotics.
3. To determine the susceptibility of the isolates to the International 
set of bacteriophages.
4. To determine the distribution of St a nhylococc us a ureùs of different 
phage groups within a healthy population and any relationship of 
phage pattern to antibiotic resistance traits.
5. To determine, the incidence of multiple antiuiotic resistant 
3ta jhylococcus surs-us in a healthy population.
D. To examine the relationship of ambient temperature and relative
humidity to the carriage of -Staohyloooccus aureus.
It. was thought that a survey of the type described vould
provide valuable information on the epidemiology of this important
human parasite and pathogen. In addition the determination of contem­
porary frequency of antibiotic resistance in Starhylococcus aureus 
isolated from a healthy non-hospital population might be useful to both 
clinician and drug manufacturer.
General nlan of s -rve./ In order to validate the survey it was thought 
necessary to examine a large group of persons. However since it was 
legistically impracticable to monitor weekly a group of 1iO persons at 
a time/ the study population was sub-divided into two groups and during 
the first year (l970-71) 25 Jienlthy adaltsond^ children wore examined: 
in the following year (1971-72) a.further group of 5C was studied, simi]
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in composition nut of différant individuals, and drawn from a differart 
area. 'diough. tijo primar,/ purposes of tiiis was to increase bhn iTJiUoer of 
persons exenined, it was hoped tli.at the groups would be sufficiently 
similar to allow a comparison between ivfo years and thus givo an 
indication of the kind of long: tern shifts in staphylococcal populations 
which mijht occur.
During the course of the. survey, it appeared that it would 
be useful to examine some factors that might be important in the host- 
parasite relationship, and the adaptability of the micro-organism: brief 
studies were made to determine secretory immunoglobulin A (igA).levels 
in mouth washings, the presence of plasmids in multiple antibiotic resistant 
St a phyloc occus aureus and enterotoxin synthesis in a selection of strains.
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M A T E R I A L S  A N D  M E T H O D S
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Media
Salt broth 10%
Lab Lemco ’Beef extract’ (Oxoid L30) 
Peptone (Oxoid L37)
Sodium chloride 
Distilled water
Lemco broth
Lab lemco ’Beef extract’ (Oxoid L30) 
Peptone (Oxoid L37)
Sodium chloride 
Distilled water
Nutrient broth CM1
Lab Lemco 'Beef extract' (Oxoid L30) 
Yeast extract (Oxoid L20)
Peptone (Oxoid L37)
Sodium chloride 
Distilled water
Nutrient broth No.2 (M61
Lab Bemco powder (Oxoid L29)
Peptone (Oxoid L37)
Sodium chloride 
Distilled water
Nutrient agar
Lab L emco powder (Oxoid L29)
Peptone ( Oxoid L37)
Sodium chloride 
Agar ( Oxoid Number 5)
Distilled water
8gms.
lOgnis,
lOOgms.
lOOOmls,
8gms,
10gms,
1000mls<
1gm,
2gm.
5gm.
1000mls,
lOgm.
lOgm,
5gm.
lOOOmls
3gms.
5 g ills .
5gms.
15gms*
lOOOmls.
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Blood base agar CIVI55
Lab Lemco powder ( Oxoid L29)
Peptone (Oxoid L37)
Sodium chloride 
Agar (Oxoid number 1)
Distilled water
Horse blood
Horse blood, sterile defibrinated (Oxoid code no. SR50)
Peptone water
Peptone (Oxoid L37)
Sodium chloride 
Distilled water
Mannitol sugar
Peptone (Oxoid L37)
Sodium chloride 
Mannitol
Andrade’s indicator Xfo solution 
Distilled water
10gms*
10gms.
5gnis.
15gm8.
lOOOmls,
5mls./l00mls, 
sterile agar
lOgmso
5gms.
lOOOmls.
lOgms.
5gms.
10gms.
10mls.
lOOOmls,
Sterilisation 10 lbs./l5 minutes
Phenolphthalein diphosphate in agar
Phenolphthalein diphosphate V/o (Oxoid code no. SR31) 1ml.
Blood base agar (Oxoid CM55) cooled to 47°C lOOmls,
Plasma
Citrated human plasma v/as obtained from the Department of Haematology,
St George’s Hospital, London SW 17*
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2CgTOs. 
5gms. 
Tgms, 
960ml 8,
Phage typing agar
Nutrient broth (Oxoid number 2)
Sodium chloride 
Agar (Oxoid Number 1)
Distilled water
Sterilisation 10 lbs,/20 minutes
Before use add aseptically 40 mis sterile colcium chloride solution 
to give a final c^ oncentration of 400y.ig CaCl^  per ml, agar.
Double strength brain heart infusion Cïv:225
Calf brain infusion solids 
Beef heart infusion solids 
Proteose peptone (Oxoid L46) 
Sodium chloride 
Dextrose
Disodium phosphate, anhydrous 
Distilled water
25gms.
lOgms,
20gms.
lOgms,
4@’ns,
5gms,
lOOOmls,
Gel immunodiffusion agar
0,59» agarose (Koch Light Laboratories) in 0,85'X' saline 
0.0/pi phosphate buffer in 0,85^ saline containing 1 in
5000 thiomersal
Phosphate buffered saline (pH 7.2J 
Sodium chloride
di-Potassium hydrogen orthophosphate 
Potassium di-hydrogen orthophosphate
100ml8. 
70mls.
Bgms,
1.21gms,
0.546^ 3,
Sterilisation 10 Ibs/10 minutes
Chloral hydrate 1 in 500
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Sterilisation
1, All media were sterilised by autoclaving at 15 lbs. pressure 
for 15 minutes, unless otherwise stated.
2c Nhere applicable, sterile horse blood, chloral hydrate
or phenolphthalein diphosphate was added aseptically to the media,
3. Cotton wool swabs, prepared for taking specimens, were
sterilised by autoclaving at 10 lbs, pressure for 10 minutes, 
using a dry heat dressing cycle.
study population
The study population comprised 50 healthy adults and 
50 healthy children living in Guildford and the surrounding area.
Each volunteer was asked to fill in a questionnaire and, at the time 
of enlisting for the survey none was recieving treatment from a 
doctor, attending a hospital or out-patient clinic, or showed any 
overt sign of disease. All volunteers returned the questionnaire form. 
Adults. The 50 adult subjects were employees of the University of 
Surrey including office workers, technicians employed in the Audio 
Visual Aids unit, print and post room operatives. Thirteen part-time 
cleaning staff were also included* None of the adult subjects was 
resident at the University or had more than minimal contact with each 
other during the working day.
Children. The 50 schoolchildren attended two local primary schools;
25 were at Westborough County Primary School and 25 at Boxgrove County 
Primary School, The distance between these schools was approximately 
three miles,There appeared to be little opportunity for contact 
between children of the two schools, and within each school contact 
between the children was mainly limited to a few hours per day. 
SaJiipling plan* Since the work involved weekly swabbing of volunteers 
it was not possible to examine a group of 100 persons at any one time. 
During the first year 25 adults and 25 schoolchildren were examined; 
during the second year a different sample population of a further 25 
adults and 25 schoolchildren was studied. Swabbing was however 
restricted to school terms obviating difficulties a,rising from 
school holidays, and thus ensuring the co-operation of the volunteer 
sample population.
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Collection of specimens
Swabbing was carried out at weekly intervals. The siteè 
swabbed were in every case, left nostril, right nostril, throat and 
right hand. Sterile sv/abs were moistened with peptone water immediately 
before use. The swabbing technique was standardised as follows;
■Right and left nostril. The swab was placed against the outer wall 
of the anterior nares and rotated five times.
Right hand. The swab was gently rubbed over the back of the hand, palm, 
finger nails, fingers and the area between the fingers,
'Throat. The swab was gently stroked over the right and left pillars 
of fauces and the tonsils or tonsil bed in the case of tonsillectomised 
persons.
Labelling of specimens. Each week of sv/abbing was alphabetically coded, 
and each subject was given a number. The specimen records were 
abbreviated as follows;
Subject Number 1st, week Specimen site Abbreviation
Fred Brown 1 a. left nostril 
right nostril 
right hand 
throat
Isolation procedures
On arrival at the laboratory the end of the swab was broken 
off,using sterile forceps and scissors, and placed in 5mls, of 10 per 
cent, salt broth which was then incubated overnight at 37°0. A 
loopful from each culture was then strealced onto 5 per cent, blood 
agar, using a single plate for each of the four cultures from a given
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individualj as shown in Fig* 1 * 
Fig* 1. Plating technique
Primary rub up ■— Secondary outstroke
 Tertiary stroke toisolate single colonies
Generally this technique gave well isolated coloniesj where mixed 
colonies were observed the culture was plated onto 5 por cent,blood 
agar to purify. Occasionally, a plate was overgrown by Proteus and 
sub-cultures had to be made from the original broth culture onto 
5 per cent.blood agar containing 1 in 500 chloral hydrate to give 
pure colonies*
Following incubation, well isolated colonies identified as 
Staphylococcus aureus on the basis of colonial form, pigmentation, 
haemolysis and slide coagulase test were sub-cultured onto nutrient 
agar slopes in screw-capped 5 ml. bottles for storage. A portion of 
each colony was reserved for inoculation of 5 ml. mannitol peptone 
water and 5 ml. Lemco broth.
Biochemical characterisation of isolates 
Mannitol fermentation. 5ml. volumes of Andrade's mannitol peptone 
water were inoculated and incubated at 37 G for up to seven days, 
examining daily for acid production.
Controls Positive- Oxford Staphylococcus aureus
Negative Stanhy1ocooeus enidermidis
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Phenolphthalein diphosphatase production» Using a standard loop,
0,01ml, of an overnight Lemco "broth culture of test and control j
organisms was inoculated onto a phenolphthalein diphosphate (PPU)* 
plate, which v/as incubated overnight at 37°C, Phosphatase activity 
was detected by inverting the agar plate over its lid in v/hich a few 
drops of 0,880 sp.gr, ammonia had been placed. Colonies that became 
pinkish-red were taken to be phosphatase producers.
Controls Positive Oxford Staphylococous aureus
Negative Staphylococcus epidermis
Coagulase tests, 1,Slide method. Part of a staphylococcal colony was 
suspended in a drop of saline on a microscope slide, and one drop of 
undiluted citrated human plasma was added, mixed and the reaction 
observed for ten minutes, using a hand lens. Any degree of clumping 
was talcen as positive. No negative control organism was used but a 
mixture of one drop each of saline and plasma v/as examined on each 
occasion to detect any precipitate of plasma which may have occurred 
during storage,
2. Tube method. Five drops of an overnight broth 
culture of the test staphylococcus were mixed with 0,5ml, volume of 
citrated human plasma diluted 1 in 10 with isotonic sterile saline in 
a tube. The tubes were incubated at 57°C and the contents
examined for clotting at 50 minute intervals for up to eight hours.
Controls Positive Oxford Staphylococcus aureus
Negative Staphylococcus epidermis
Preservation of cultures
The 5ml, nutrient agar cultures were stored in a refrigerator 
at 4^ 0, In addition every isolate was preserved by the method of
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Himt et al. (1958)? as follows:
Screw-cap 5ml, 'bottles were half-filled with silica 
gel, followed by a loose gauae plug and 12 porcelain 
fishspine beads (fishspine beads nod, Taylor Tunicliffe 
(Refractories) Ltd,, Stoke-on-Trent). The prepared 
bottles were sterilised by dry heat at 180°G for 
1 hour, and cooled in a desiccator. The caps were 
separately sterilised by autoclaving at l^ lbs, 
pressure for 15 minutes.
Five drops of an overnight broth culture 
of the staphylococcus isolate were- spredd on the 
porcelain beads, the neck of the bottle flamed, a 
sheet of parafilm applied for additional sealing, and 
the cap tightly screwed down. The bottles were stored 
at and at this temperature the organisms
remained viable for at least one year.
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Phage typing
Phage preparations. The International set of staphylococcal bacterio­
phages used was supplied by Dr, M.T. Parker, Staphylococcal Reference 
Laboratory, Central Public Health Laboratory, Colindale, London;' it
80
consisted of the following;
Group I 29 52 52A 79
Group II 5A 50 55 71
Group III 6 42E 47 55
83A 84 85
Group IV 42D
54 75 77
Miscellaneous 81 187 88
Pronagating strains. These were also supplied by Dr. Parker, and 
comprised 22 Staphylococcus aureus strains as listed in Table 1 .
They were maintained on number 2 nurtient agar slopes stored at 
4°G, and were also freeze-dried. '
Titration of phages. The Routine Test Dilution (RTD) of each batch 
of phage is the highest dilution which just fails to give confluent 
lysis on the corresponding propagating strain/. ;of Staph, aureus.
The RTD at time of storage at Colindale is stated with each phage 
preparation supplied, but must be redetermined before use.
The phages were diluted 10~\ 10*”^ , 10”"^, lO"'^ , 10” v^ 10~^  
in number 2 nutrient broth. Lawn plates of propagating strains were 
prepared by flooding with overnight cultures in number 2 nutrient 
broth, removing excess and allowing to dry for thirty minutes. The 
plates were inoculated with test dilutions 10*”^ — 10"^  using a 
standard MRC phage applicator loop, dried and incubated overnight at
50°G,
The plates were then inspected and the RTD recorded. Table
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1 illustrates a typical result of phage titration.
After titration the phages were diluted to RTD in number 
2 nutrient broth and stored at 4^ 0 for periods up to seven days, 
after which they were discarded or the titre redetermined before use. 
Typing technique, t^ st strains of Staph, aureus were inoculated into 
5 ml. number 2 nutrient broth and incubated at 37^ 0 for hours.
Lawn plates were prepared and dried as previously described. The 
phages were applied using a Lidwell multiloop applicator, the plates 
dried and incubated at 30^ 0 overnight.
It is usual to test first with phages at RTD, subsequently 
testing strains which fail to show lysis, with RTD^ q^, The large 
number of Isolates to be typed in this work made it more convenient 
to prepare duplicate .’lawn’- plates and to test both at RTD and 
RTD^ qq on the same occasion. Phages 83A, 84, 85 and 88 were used at 
RTD only.
After incubation the plates were examined with the aid of
a hand lens. In order to secure conformity with the work of others
the standard recording conventions practiced at the Central Public
Health Laboratories were employed, although not a,ll the information
was used in the interpretation of the results (see Results section).
At RTD the following convention was used as follows:
++ = 30 or more plaques
+ = 20-49 plaques
+ = 1-19 plaques
At RTD q^q the following additional symbols were used:
Cl » confluent lysis with no secondary growth 
gr _= confluent lysis with secondary grov/th
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0 = strong inhibition of growth (ground glass
appearance) but no visible plaques 
® = strong inhibition of growth (ground glass
appearance) with plaques on inhibited area
in = lesser degree of inliibition (i.e. thinning
of growth in drop area),
Controls. With every batch of phage typings, not less than four 
contrôlestrains of Stanh. aureus, selected because they appeared to 
show differing but reproducible phage typing patterns, were included 
using the complete set of phages at RTD and RTD^ q ,^ These control 
strains were chosen at random from the seven listed below.
Reference Source
HI
N2
H3
N4
81
82
S3
Newcastle University
Surrey University
Phage susceptibility 
pattern
30/55/71
52/52A/80/81
6/42E/47/54/75/81
53/75/85
29/52/52A
80/81
6/4233/75/77
'78.
Table 1 • Results of phage titration
Propagating strain
NCTC No,
Phage Colindale RTD Surrey RTD
8351 29 10~* 10-3
8507 52 10™^ 10-3
8363 52A 10 ^ 10-3
8363 79 10 ^ 10-3
9789 80 -3 10 ^ 10“3
8519 5A 10"^ 10-3
8527 50 10~^ 10-4
8358 55 10-3 10“4
9515 71 IQ-3 IQ-3
8509 6 10”3 IQ-3
8557 42E 10-3 10-3
8325 47 -3 10 ^ 10"3
8511' 55 10-3 10-3
8329 54 10~3 10-3
8554 75 10-3 10-3
8356 77 10“^ 10-3
9717 81 10-3 10-4
10035 42D 10-3 -3 10 ^
9754 187 10-3 10"3
10039 83A IQ-3 10-3
10455 84 10-3 10~3
10457 85 10-3 • 10”^
PS 88 88 10~^ 10-2
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Antibiotics
Eleven different antibiotics were used for sensitivity testing, 
supplies being obtained from the manufacturers. These antibiotics 
are listed in Table 2
Table 2 Antibiotics used for sensitivity testing
Antibiotic Manufacturer Trade name Abbreviation Concentrationused
Penicillin G Glaxo Crystapen P 21'unit s/ml
Methicillin Beecham Celbeiiin M 10 jxg/ml
Chloramphenicol Parke-Davis - C 10 jig/ml
Chlortetracycline Lederle Aureomycin Aur 10 jig/ml
Streptomycin Glaxo 8m 10 ^ g/ml
Kana laggiâ-- Ninthrop Kannasyn Ka 12,5 ^ ig/ml
Erythromycin Abbott Erythrocin Ery 10 jig/ml
Novobiocin Boots , Nov 10 ^ g/ml
Lincomycin Upjohn Lincocin Lin 10 jig/ml
Pucidic Acid Leo Fucidin Puc 10 i^g/ml
Vancomycin Lilly Vane00in Van 10 jig/ml
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Antibiotic control organisms, Antibiotic control organisms, selected 
for the stability and reproducibility of their antibiotic sensitivity/ 
resistance patterns and detailed in the following list, were supplied 
by the Microbiology Department, University of Newcastle.
Control organism University of Newcastle reference
‘Staphylococcus control’ C
Streptococcus viridans .G 180
Escherichia coli G 248
Staphylococcus aureus C 283
Staphylococcus albus . C 829
’Coliform tj'pe’ G 881
Staphylococcus aureus C 924
On the basis of some preliminary experiments, strain C,
8 180, C 285 and C 829 were selected for use as standard control 
organisms throughout the series of antibiotic sensitivity tests. 
Antibiotic sensitivity tests. The antibiotics were incorporated in 
5 per cent, blood agar plates with the exception of Afethicillin 
(Celbenin) for which, following the manufacturers advice, blood base 
agar v;as used. The antibiotic concentrations were chosen to represent 
approximately the likely hiunan blood level concentration which it 
vras calculated might be achieved following parenteral or oral 
therapeutic administration in doses recommended by the manufacturer. 
Both the controls and tests organisms were inoculated into 
5ml, ‘Leraco broths and incubated overnight at 57°C, The opacity of each 
culture was then determined using Brov/n’s opacity tubes (Burroughs 
Wellcome & Go.) and diluted v/ith Lemco broth to contain approximately 
10"^  ^cells per ml. Spot inocula of tests and control organisms were
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made onto antibiotic plates using a standard loop which yielded 
0,01 ml,and a spot approximately 7»5 mm, in diameter. It was possible 
to include 31 test organisms as well as the four controls on each 
plate. As an additional control, a separate plate of each antibiotic 
medium was inoculated with the four control strains whenever a batch 
of tests was carried out. The plates were then incubated overnight at 
37°C with the exception of methicillin plates, which were incubated 
at 30°C.
For recording purposes no intermediates: between sensitive 
and resistant were recognised. The degree of growth was determined 
by inspection. Complete absence of growth, a barely visible haze of 
growth or a fev/ isolated colonies was taken to signify sensitivity. 
Confluent growth over the site of inoculation indicated resistance.
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Determination of ambient temperature and relative humidity
Temperature and humidity recordings for the Guildford 
area were kindly supplied by the Meterological Office at South 
Famborough. These recordings were made using a Stevenson screen; 
mean temperatures were calculated from the maximum and minimum 
readings, on the day swabs were talcen, and expressed in degrees 
centigrade and relative humidity calculated from wet and dry bulb 
readings using the Hygrométrie Tables (part II) for use with Stevenson 
Screen Readings (degrees Celsius) Meterological Office 0 256 b, 
published by H.M.S, 0,, London. The mean relative humidity for each 
day of swabbing was determined from recordings made at O9OO hours 
and 1200 hours G.M.T.
Determination of penicillinase production
The method of ^ rstavik and ^degaard (l97'l) was used.
Five per cent, hlood agar plates were inoculated 
by flooding with a 3 ml. suspension of an over­
night culture of Staphylococcus aureus strain 
U/S Pen.8, 128 (diluted to equal Brown tube no,2), 
in order to give a dense but not confluent growth. 
Surplus inoculum was removed and the plates allowed 
to dry for 1 hour at room temperature.
A solid streak of two test Staphylococci 
and a positive (u/S Pen.R, 74) and negative (u/S 
Pen,S. 91) control strain was made on the surface 
of the plate and a filter paper disc containing 
10 pg penicillin G v/as placed in the middle of each 
streak. The plates were allowed to stand for 90 
minutes at room temperature (20°C) for prediffusion 
to occur, and then incubated at 37°C for 18 hours.
An example ! of positive and negative results is given in Fig,2,
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Fig. 2 . Test for penicillinase production.
Explanation of results. The inhibition zone under the penicillinase- 
producing strain A shows a coffee-bean-like appearance. Strain B 
which does not produce penicillinase has no effect on the inhibiting 
zone around the penicillin G disc.
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Plasmid curing and changes of antibiotic resistance in strains 
of Staphylococcus aureus 
Three methods were used for plasmid curing:
1, Storage on nutrient agar at 20«26°C (Grubb and Annear, 1972),
2, Treatment with acriflavine, using concentrations of 6.25, 12,5 and 
25,0 pg/ml, (according to the method of Hashimoto et al, (l964),
3, Growth at 43-44°G (Asheshov, 1966b),
NOTE:
To ensure the purity of the strains used for this experiment each 
test organism was sub-cultured onto 3 blood agar plates and after 
incubation three well isolated colonies were selected from each 
plate.
Elimination of antibiotic resistance was checked by replica plating 
from test plate onto plates of different antibiotic.
Biochemical tests and bacteriophage typing was performed before 
and after each plasmid curing treatment.
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Estimation of secretory Immimoglo'bulin A (igA) in nasal
and mouth washings
Collection of specimens. On two consecutive weeks during the second 
year of the survey nasal and mouth washings were obtained from 18 
adults and 22 children. Nasal washings were collected by irrigating 
both nostrils with 5 mbs* of buffered (pH 7*2) isotonic saline. A 
similar volume of saline (5 mis.) was used as a mouthwash, and 
subjects were instructed to rinse the saline around the mouth and 
return it to a, sterile container.
Preparation of specimens. The individual washings were homogenised . 
using a MSG homogeniser, and centrifuged at 4200g for twenty minutes 
at room temperature to remove insoluble debris. The supernatant was 
transferredto a clean sterile container and stored at •~20°C,
Estimation of Immunoglobulin A (igA). The level of IgA in mouth 
washings was measured quantitatively using Hyland lov/ level immunoplates 
for IgA (code number 085-110 Hyland Division, Travenol Laboratories, 
Thetford, Norfolk) based on the single radial immunodiffusion technique 
of Mancini et al. (1965).
Unfortunately a series of industrial disputes interruptéd 
supplies of electricity,and the nasal washings were subject to 
successive periods of freezing and thawing with ultimate loss of 
antibody activity. Due to the nature of the survey and reliance upon 
volunteer participants it was not possible to collect further samples 
of nasal washings.
"8? .
Detection of enterotoxlns
Two strains of Starhylococcus aureus, known to produce 
enterotoxins, were obtained from the National Collection of lÿpe 
Cultures (NCTC), Central Public Health Laboratory, Colindale, London,
NCTC No. 10652 enterotoxin A producer 
NCTC No, 10654 enterotoxin 33 producer
The freeze-dried samples were reconstituted in 5 ml. amounts of 
nutrient broth, and incubated overnight at 37^ C; for a further four 
days they were subcultured daily into nutrient broth and incubated 
at 37°C for 18 hours. The strains were then inoculated onto nutrient 
agar slopes, incubated at 57°C for 18 hours and stored at 4^ C, a 
specimen of each reference strain was also freeze-dried.
Method of culture to produce enterotoxins. Test and reference strains 
of Staph.aureus were culured using the cellophane-sac method of 
Donnelly et al. (1967); essentially this confines the staphylococcal 
cells and enterotoxins to a small volume (10 ml.) whilst nutrients 
for growth of the organism are obtained from a large volume (50 ml.).
The liquid culture surrounding the sac of nutrients was harvested,
after 48 hours of incubation at centrifuged at 4200g for 30
minutes, and the supernatant preserved with 1in^5000 thiomersal 
and stored a,t 4^ 0*
Gel immunodiffusion test for enterotoxin. The method used was the 
slide-gel double diffusion technique of Crowle (1958) and Zehren and 
Zehren (1968). Enterotoxin antiserum was obtained from Serva, distributed 
by Micro-Bio Labs, Ltd., London W 11,
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Carriage of Staphylococcus aureus
In no part of the survey was any clear difference seen between 
male and female participants and the results have accordingly been 
pooled.
Transient and persistent carriers and effect of age. The distribution 
of staphylococcus carriage is, shown in Table 3*
Table« 3. Distribution of carriers of staphylococci amongst the 
different ajs:e groups (1970-1972)
AgeGroup Numberexamined
Total number 
of carriers
Type of carriage 
Transient Persistent
0-9 12 12 2 10
10-19 38 38 14 24
20-29 22 22 14 8
30-39 12 12 , 8 4
40-49 5 4 2 2
50-59 5 5 4 1
60-69 3 3 2 1
Only one individual, an adult, did not carry the organism^ the remainder 
were either transient or persistent carriers. The results are therefore 
unlike those of Noble et al. (1967)p who reported a decrease in nasal and throat 
carriage with increasing age, and an overall level of 29 per cent, carriage 
based on two examinations. In a more recent study, Doig (l97l) reported an 
inverse relationship between ago and carrier state in the 0-15 age group 
that she called the ‘paediatric group', of which 54 per cent were 
Staphylococcus aureus carriers; nasal carriage of staphylococci was found in 
50 per cent. (675/1554) of adult in-patients in a general surgical unit, and 
in 26 per cent. (57/21?) of out-patients.
The results obtained in the present survey suggest not a decrease with
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age, but rather a change in carriage patterns from the persistent to
the transient state. The majority of children and teenagers carried
staphylococci persistently, but after the age of 20, transient
carriage was more common and this trend was particularly apparent in
the 20-29 age group. Unfortunately the sample population did not
include equal numbers from each of the age groups (see Table 3 ) but
the overall high level of carriage and its tendency towards a transient nature
among adults is nevertheless evident^ These findings, compared vri.th those
of Noble, Doig and others, surveyed in the introductory section, reflect
the shortcomings of cross-sectional surveys in which carriage rates are
determined by a single examination of only one site.
Types of carriage. According to the frequency of isolation, Gould and 
McKillop (1954) classified carriers into three types: occasional carriers, 
intermittent carriers (those in whom periods of a few weeks of carriage 
alternated with similar periods of non-carriage) and persistent.carriers-Williams 
(1963) preferred to group occasional and intermittent carriers together, 
calling both forms 'intermittent* carriers,and noted that a further 
category of 'persistent non-carrier' could also be recognised.
For the purpose of this survey, individuals examined over several 
weeks were classified as transient or persistent carriers. Transient 
carriers were those from whom 8taph. aureus was isolated at less than 
70 per cent, of the swabbings: sometimes the organism was isolated on only 
a'few occasions; in some individuals periods of carriage alternated with 
periods of non-carriage. The persistent carriers were those from whom 
Staph.aureus strains were isolated at more than 70 per cent, of the 
swabbings,
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Tables 4 and 5 give further details of periodicity of isolation 
from both adults and children during the two years of the survey and 
classify individuals into transient or persistent carriers. The 
results tabulated in Tables 4 and 3 are shown in a graphic form in 
Figs. 3 and 4»
Ten adults (40 per cent) and seventeen children (71 per cent) 
examined during 1970-71 were persistent carriers (see Table 4); four­
teen adults (56 per cent) and seven children (29 percent,) were 
transient carriers. One adult, number 22, though examined on 20 
separate occasions never yielded Staph, aureus.
During the second year.of the survey (1971-72) a further group of 
25 adults and 25 children was swabbed (see Table 5)« Two children were 
withdrawn by their parents on the fourth week of the survey, and details 
are, therefore, omitted from the Table, The 48 subjects examined all 
carried Staph, aureus at some time during the survey, and 632 isolates 
were obtained from adults and 1156 from the children. Seven of the 
adults (28 per cent) were persistent carriers whilst 18 (72 per cent) 
carried the organism transiently.
The high incidence of persistent carriers (4O per cent.) among adults 
examined in the first year (l970-7l) compared with 28 per contain the 
second year (1971-72) is statistically significantC^^p <(0,05), The 
age composition was similar; the average age in the first year being 33,88 
years and that in the second, 34,04 years. In view of this the observed 
difference must be due to some factor or factors other than age. It will 
be recalled (Materials and Methods p,70 ) that the adult groups in both 
years consisted of manual and office workers employed by the University,
In the first year of the study (l970-7l), eight manual and 17 office workers 
were examined; during 1971-72, in an attempt to create a balance, 17,manual 
and 8 office workers were chosen, so that, over the two years of the study,
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,\a.TViSnc*Si2Syrt3iCKttlS=2lTable 4 Transient and persistent carriers of StaphvlQCOCOiis aureus 
during 1970-1971
ADULTS
Subject No. of No. of
number weeks weeks
swabbed positive
Type
of
carriage
CHILDREN
Subject NOo of No, of
number weeks weeks
swabbed positive
Typeof
carriage
1 30 13 43.3 T . 26 30 18 60.0 T
2 30 7 23.3 Ï 27 30 19 63.3 T
3 28 27 96.4 P 28 30 18 60.0 T
4 28 5 10.7 T 29 30 26 86,6 P
5 30 10 33.3 T 30 29 28 96.5 P
6 28 6 21.4 T 31 30 28 93.3 P
7 23 9 39.1 T 32 28 15 53.6 T
8 23 5 21,7 T 33 30 24 80.0 P
9 29 25 86,2 P 34 28 25 89.3 P
10 28 26 92.9 P 35 29 28 96,5 P
11 29 8 27.6 T 36 29 28 96.5 P
12 30 8 26.7 T 37 10 10 100.0 P
13 27 25 92.6 P 38 27 10 37.0 T
14 29 23 79,3 P 39 30 12 40.0 T
15 29 28 96,6 P 40 30 28 93.3 P
16 30 17 . 56.7 T 41 29 23 79.3 P
17 26 18 69.2 T 42 30 • 28 93.3 P
18 29 21 72.4 P 43 30 24 80.0 P
19 30 27 90.0 P 44 29 18 62.1 T
20 30 10 33.3 T 45 29 27 93.1 P
21 27 5 18.5 T 46 30 26 86,6 P
22 20 0 « 47 30 23 76.6 P
23 25 13 52,0 T 43 28 25 89.3 P
24 30 24 80.0 P 49 29 24 82,8 P
25 28 21 75.0 P
Adults
Key:
40/^  Persistent carriage 
56^ Transient carriage 
4^ Non-carriage 
T = Transient 
P » Persistent
Children 71^ Persistent carriage 
29^ Transient carriage
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Table 3 Transient and persistent carriers of Staj)hyloooccu.g aurei^
ADULTS
Subject No, of No, of Type
number weeks weeks fo of
swabbed positive carriage
CPJILDREN
Subject No, of No, of
number weeks weeks
swabbed nositive
Type
of
carriage
51 29 11 37.9 T • 76 29 27 93.1 P
52 28 9 32.1 T 77 29 27 93.1 P
53 30 9 30.0 T 78 30 12 40,0 T
54 29 26 89.7 P 79 25 24 96.0 P
55 27 27 100.0 ■p 80 29 11 37.9 T
56 27 26 96.3 P 81 30 29 96.7 P
57 26 6 23.1 Ï 82 30 15 50,0 T
58 26 20 76,9 P 83 26 15 57.7 T
59 25 15 60,0 T 84 24 24 100,0 P
60 29 18 62,1 T 85 30 30 100,0 P
61 27 7 25.9 r 86 28 20 100.0 P
62 25 13 52,0 T 87 29 23 79.3 P
63 26 10 38.5 T 88 29 28 96,6 P
64 20 2 10.0 T 89 27 26 96.3 P
65 28 5 . 17,8 T 90 28 24 85.7 P
66 9 2 22.2 T 91 29 22 75.9 P
67 20 7 35.0 T- 92 30 26 86.7 P
68 29 8 27.6 T 93 27 24 88,9 P
69 28 7 25.0 T 94 10 5 50.0 Ï
70 27 18 66.7 T 95 30 22 73.3 P
71 29 20 69.0 T 96 30 14 46,6 T
72 27 7 25.9 T 97 30 10 33.3 T
73 15 15 100,0 P 98 29 28 96.5 P
74 27 27 100,0 P
75 28 22 78,6 P
Adults: 2 ^  Persistent carriage
72^ Transient carriage
Children: 70^ Persistent carriage
30% Transient carriage
Key: T = Transient 
P = Persistent
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a total of 25 manual and 25 office workers came under observation. 
Details of occupational and carrier status of participants is set out in 
Table 6 «
Table 6, Occunational and carrier status of adults 1970-72
Type of Worker
Manual
Office
Number of carriers of each type 
PC TO NO
5
12
20
12
KEY: PC persistent carrier 
TO transient carrier 
NO non-carrier
Persistent and transient carriers occurred in equal numbers among office 
workers, by comparison, the majority of manual workers were transient 
carriers. The fact that seventeen manual workers were included in the 
study population during 1971-72 accounts for the difference shown in 
Tables 4 and 5 between the t \ J O  groups of adults, V/liy the carriage traits 
of manual workers^dio belong to social groups XV and v)should differ from 
those of office workers (social groups I, II and III) is unclear. It is 
possible that the former group have, for a variety of reasons an immunological 
status that favours transient carriage of Staph, aureus: on the other hand the 
difference may be due to some other factor unrelated to their occupation.
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Distribution of Staphylococcus aureus, Cultures were made in every case 
from the hand, the left and right nostril and from the throat. Table 7 
shows the number of cultures made and the number of Staph.aureus isolates 
obtad.ned from each site in adults and cliildren for both 1970-1971 and 
1971-1972; the results are shown in graphic form in Fig,5,
The following points are worthy of note;
1, Although more cultures were made from the adults, the
children yielded more isolates from each site examined,
2, In general, the nostrils yielded the greatest number 
of isolates and the hand the least,
3, In 1970-1971 the percentage of positive cultures from throat
.and nostrils of children were similar ,
During 1971-1972 fewer strains (54«2 per cent, ( 218/638) were
cultured from the throats of children, whilst only 15,4 per cent, 
were isolated from adults, this was however, less than the 
22,8 per cent*.obtained from adults in the previous year
(1970-71),
The differences between adults examined in 1970-71 and 1971-72 
are small and not statistically significant; the same applies to the children 
and would justify pooling the results.
The distribution and isolation of Staphylococcus aureus according to single 
and combinations of sites. Details of single and combined sites of isolations 
are set out in Tables 8,9*10,11. Very few Staph.aureus were isolated from the 
hand alone; generally the transient carriers, with the exception of children 
examined during 1970-1971, yielded more strai.ns than the persistent carriers.
In all groups a large number of strains was isolated from the nostrils of
persistent carriers, and staphylococcus was also cultured more frequently from 
the throat of adult transient carriers and the group of children examined 
during 1971-72,
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Frequency of isolation of Staphylo^ocus 8a^^1§. 
Via 5 f%niiLJbheJbm]il,a&a6^&iKLJdii%i^ ^ fehildren
1970-1971
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Because most surveys have concentrated on nasal carriage, little 
is known about simultaneous carriage, at different sites, over several 
weeks or months* The results obtained in this survey are therefore of 
particular interests in adults, hand/nose and hand/throat carriage 
show a statistically significant correlation ( p ^ 0*05 and p .<[0*001 
respectively)* Carriage by children of staphylococci at different 
sites showed similar relationships: hand/nose p ^  0,01, nose/throat 
p^OcOOl and hand/throat p<\ 0.001, It would appear that 
simultaneous carriage in the nose and throat is quite common and 
because of the close anatomical proximity of the two sites one would 
indeed expect this to be the case. It is also important from an 
ecological point of view, because the hand will become infected as a 
result of mouth and nose contact. Whilst the organism may succumb to ' 
desiccation it is quite possible that the frequency of contamination will 
ensure that some dissemination of staphylococci occurs. In an open, non­
hospital community, the persistent carrier probably acts as a reservoir 
for the direct and indirect transmission of staphylococci, and the transient 
carrier, with his tendency towards occasional hand carriage, may play an 
intermediate role in the dissemination of the organism. It is evident, 
therefore, that the practice of determining carriage rates by a single 
examination of one site will tend to give erroneous results.
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Table R The number of occasions of isolation of Staphylococcus aureus   -------
and their distribution acoordlne to single and combinations of 
sites 
Adults 1970-1971
Number of Subject occasions Site of isolation Number of occasions Typewhen organism ofexamined H N T NT HT HN ENT isolated not isolated carr:
1 30 5 0 4 1 1 1 1 13 17 T
2 30 . 3 1 1 0 1 0 1 7 23 T
5 28 0 17 0 5 0 3 2 27 1 P
4 28 0 0 2 0 0 1 0 3 25 T
, 5 30 3 3 4 0 0 0 0 10 20 T
6 28 1 3 1 0 0 1 0 6 22 T
7 23 2 2 3 2 0 0 0 9 14 Ï
8 23 2 1 0 1 1 0 0 5 18 T
9 29 0 12 1 4 0 6 2 25 4 P
10 28 0 10 5 6 0 2 3 26 2 P
11 29 0 2 5 0 1 0 0 8 21 T
12 30 1 4 1 2 0 0 0 8 22 T
15 27 0 8 1 12' 0 3 1 25 2 P
14 29 1 16 1 1 1 3 0 23 6 P
15 29 0 8 0 9 0 0 11 28 1 P
16 30 0 8 2 3 0 2 2 17 13 T
17 26 2 7 2 2 3 1 1 18 8 T
18 29 2 5 0 0 0 10 4 21 8 P
19 30 0 14 0 7 2 2 2 27 3 P
20 30 3 3 3 0 1 0 0 10 20 T
21 27 0 0 4 0 1 0 0 5 22 T
22 20 . 0 0 0 0 0 0 0 0 20 -N
23 25 6 4 0 0 1 0 2 13 12 T
24 30 2 15 0 2 0 3 2 24 6 P
25 28 2 3 10 1 3 1 1 21 7 P
Total: 696 379 317
Total:persistent7 :108 18 47 6 33 28 KEY: II - Handcarriage
Totals transient
carriage28 38 32
Total: P & T 35 146 50
11 10 6 7
58 16 39 35
N ™ Nose T - Throat NT - Nose + Throat HT - Hand + Throat HN « Hand + Nose HKT «= Hand + Nose 4- Throat T - Transient carrier P - Persistent carrier N - Non carrier
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Table 9 The number of occasions of isolation of Staphylococcus aureus■ ■■■■.■■■■■■I I [ I -r I I  ■ -------------------- ^  ----------------------------------------- ------
and their distribution according to single and combinations of 
sites 
Children 1970-1971
Number Site
Subject occasions H N T
of isolation
NT HT HN HNT
Number of occasions Type
when organism ofexamined isolated not ' isolated can
26 30 4 8 1 2 1 2 0 18 12 T
27 30 1 1 3 10 0 1 3 19 11 T
28 30 1 6 5 2 0 3 1 18 12 • T
29 30 1 4 9 7 4 0 1 26 4 P
30 29 0 2 0 14 0 1 11 28 1 - P
31 30 0 1 8 17 0 0 2 28 2 P
32 28 0 0 4 8 0 0 3 15 13 T
33 30 1 1 14 2 4 0 2 24 6 P
34 28 0 0 0 10 1 0 14 25 3 P
35 29 0 5 3 11 0 1 8 28 1 P
36 29 0 3 0 4 0 6 15 28 1 P
37 10 0 2 0 5 0 0 3 10 0 P
38 27 0 7 0 1 0 0 2 10 17 T
39 30 0 7 0 3 0 1 1 12 18 T
40 30 0 3 0 14 2 4 5 28 2 P
41 29 0 1 9 6 3 0 4 23 6 P
42 30 0 7 0 15 0 3 3 28 2 P
43 30 4 14 2 2 0 1 1 24 6 P
44 29 0 2 4 6 1 0 5 18 11 T
45 29 0 10 2 10 0 2 3 27 2 P
46 30 4 4 2 0 2 4 10 26 4 P
47 30 0 9 4 5 0 2 3 23 7 P
48 28 0 4 4 16 0 0 1 25 3 P
49 29 2 5 2 12 0 1 2 24 5 P
Total ... 684 _ 535 149
Total persistent
carriage
12 75 59 150 16 25 88
Total transient
carriage
6 31 17 32 2 7 15
Total P & T 18 106 76 182 18 32 103
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TablelO The number of occasions of isolation of Staphylococcus aureus
and their distribution according to single and combinations of sites 
Adults 1971-1972
Sub Je
Number of 
ct occasions H 
examined
N
Site
T
of isolation 
NT ET HN HNT, Number ' when 
isolated
of occasions 
organisms . 
not isolated
Type
of
carriage
51 29 0 4 4 1 1 0 1 11 18 T
52 28 3 2 4 0 0 0 0 9 19 T
53 30 6 1 0 1 0 1 0 9 21 T
54 29 0 13 0 2 0 5 6 26 3 P
55 27 0 16 0 3 0 5 3 27 0 P
56 27 0 16 0 3 0 6 1 26 • 1‘ P
57 26 0 4 2 0 0 0 0 6 20 T
58 26 1 13 0 0 0 4 2 20 6 P
59 25 5 5 2 1 0 1 1 15 10 T
60 29 0 17 0 0 0 1 0 18 11 T
61 27 1 5 0 1 0 0 2 7 20 T
62 25 0 11 0 1 0 1 0 13 12 T
63 26 8 ■ 1 0 0 1 0 0 10 16 T
64 20 0 2 0 0 0 0 0 2 18 T
65 28 1 3 0 1 0 0 0 5 23 T
66 9 0 2 0 0 0 0 0 2 7 T
67 20 0 4 0 0 0 2 1 7 13 T
68 29 4 3 1 0 0 0 0 8 21 T
69 28 2 5 0 0 0 0 0 7 21 T
70 27 0 6 5 4 1 0 2 SB’ 9 T
71 29 1 3 9 3 3 0 1 20 9 T
72 27 2 5 0 0 0 0 0 7 20 T
73 15 0 7 0 5 0 2 1 15 0 P
74 27 0 15 0 2 0 5 5 27 0 P
75 28 3 5 11 1 0 2 0 22 6 P
Total 641 337 304
Total persistent 
carriage 4 85 11 16 0 29 18
Total transient
carriage 33 .81 27 13 6 6 8
Total P & T 37 166 38 29 6 35 26
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Table 11 The number of occasions of isolation of Staphylococcus aureus
and.their distribution according to single and combinations of
sites 
Children 1971-72
Number of 
Subject occasions examined H N
Site
T
of isolation 
NT HT HN HNT
Number of occasions 
when organism 
isolated not’ isolated
Type
of
carriage
76 29 0 6 2 8 0 0 11 27 2 P
77 29 0 17 0 0 0 7 ■3 27 2 P
78 30 6 2 2 1 1 0 0 12 18 T
79 25 0 4 2 8 1 3 6 24 1 P
80 29 3 5 2 1 0 0 0 11 18 T
81 30 0 15 0 4 0 7 3 29 1 P
82 30 2 3 1 4 1 1 3 15 15 T •
83 26 0 8 0 0 1 4 2 15 11 T
84 24 3 16 1 0 1 3 0 24 0 P
85 30 0 9 0 13 0 1 7 30 . 0 P
86 28 0 18 1 6 0 1 2 28 0 P
87 29 0 9.. 2 _ 8 0 1 3 23 6 P
08 29 0 18 0 4 0 3 3 28 1 P
89 27 0 14 0 7 0 4 1 26 1 P
90 28 0 9 0 7 0 2 6 24 4 P
91 29 0 7 0 12 1 0 2 22 7 P
92 30 0 10 0 9 0 4 3 26 4 P
93 27 0 9 0 9 0 1 5 24 3 P
94 10 0 4 0 0 0 1 0 5 5 T
95 30 1 12 1 5 1 0 2 22 8 P
96 30 4 1 7 0 1 1 0 14 16 T
97 ■ 30 • 2 5 1 1 0 0 1 10 20 T
98 29 0 4 0 11 0 6 7 28 1 P
Total 638 . 494. 144
Total persistent 
carriage 4 177 9 111 4 43 64
Total transientcarriage 17 28 13 7 4 7 6
Total P & T 21 205 22 118 8 50 70
-105'
Biochemical characterisation of isolates
Isolates of Staphylococcus aureus were identified on the basis 
of colonial form, haemolysis, and slide coagulase, tube ooagulase,, 
mannitol fermentation and phenolphthalein diphosphate tests. Those 
isolates positive to two or more of the four latter tests were identified 
as Staph,aureus and are included in Table 12 , together with details of 
their distribution and site of isolation. In general islolates from 
the nose tended to be most typical,that is to say they gave the 
greatest percentage of positive results to four tests. Strains from 
the hands appeared to be the least typical and Table 12 show s that 
percentage results for hand strains were, in nearly every case, lower 
than those for nasal isolates. Throat strains appeared to occupy an 
intermediate position, but tended to resemble staphylococci of nasal 
origin.
The nose would appear well suited for the growth and survival of 
staphylococci. The temperature and humidity are equable and the salt 
rich nasal secretions similar to an enrichment medium. If the rate of 
growth is therefore above a mere subsistence level the organism may have 
the ^ capacity to produce enzymes in fàirly large quantities, and nasal 
strains will be biochemically active. As a general rule the throat must 
certainly be infected and parasitized by strains from the nose, and this 
would account for üie similar biochemical activity of isolates from these 
two sites. By comparison, the skin probably provides a less conducive 
environment for the survival of Staph.aureua; the surface humidity and 
temperature probably flucuate,: quite considerably and hand washing or 
abrasive actions must lead to removal of cells. The importance of
- 106.
Table 12 Coagulase o mamitol fermentation and phenolphthalein 
diphosphate (PPP) reactions of Staphylococcus aureus 
isolates from the hand, nose and throat of adults and 
children
1970-71
dite
ADULTS 
No. of 
isolates*
SlideNo.+ve
eoag Tube coag 
No.-hve ^
Mannitol 
No.+ve .
PPD 
No.'î'Ve ^
Hand 125 106 84.8 116 92.8 93 74,4 79 63.2
Nose 441 409 92.7 423 95,9 397 90.0 399 90.5
Throat- 159 156 98.1 151 95.0 129 . 81.1 138 86.8
Total all 
sites 725 671 92.5 690 95.2 619 85.4 616 85.0
1970-71 CHILDREN
Hand 169 148 87.6 150 88.7 144 85.2 143 84.6
Nose 770 727 94.4 728 94.5 639 .83.0 719 93.4
Throat 384 363 94.5 367 95,6 354 92.2 361 94.0
Total all 
sites 1323 1238 93.6 1245 94.1 1137 85.9 1223 92.4
Total
ADULTS
and
CHILDREN 2048 1909 23t2 1935 94.4 1756 85.7 1839 89.8
1971-72 ADULTS
Hand 104 83 79*8 92 88.5 84 80.8 82 , 78.8
Nose 429 387 90.2 401 93,5 370 86.2 392 91,4
Throat 99 89 89.9 97 98.0 83 83.8 82 82.8
Total all 
sites 632 559 88.5 590 93.3 537 84.9 556 88.0
1971-72 CHILDREN
Hand 149 133 89.3 147 98.6 125 84.0 131 88.0
Nose 789 746 94.5 764 96.8 739 93.6 755 95.7
Throat 218 197 90.3 215 98.6 195 89.4 200 91.7
Total all 
sites 1156 1076 93.1 1126 97.4 1059 91.6 1086 94.0
Total 
ADUI.TS ■ 
and
CHILDREN 1788 1635 91,4 1716 96.0 1596 89.3 1642 91.8
Only those isolates positive to two or more of the four 
biochemical tests are included in this table.
- 107-
desiccation to the survival of staphylococci will be considered in 
the Discussion* It may be that drying out and changes in humidity offer 
the greatest threat to skin strains and may cause alteration in the 
pliysiologioal activity of the organism. Skin strains of Staph* aureus 
may therefore be expected to give a fairly broad spectruîû of bio­
chemical activity depending upon whether they have recently been deposited 
there from the nose or throat<, and to what degree they have been able 
to adapt in order to conserve energy by limiting biocheaical activity*
It will be seen from Tablol2 that the majority of isolates from 
all sites gave positive reactions to tube coagulasopmannitol and 
phenolphthalein diphosphate tests* The high degree of concordance 
between different tests probably reflects the selectivity of the method 
used in this survey. Because of the limited number of tests used no 
attempt has been made to promote the relative merits of the virions 
tests or to advocate one test in preference to others.
Organisms that gave less than four positive results were plated 
out on 5 per cent, blood agar and incubated overnight at 37^ 0* Three 
colonies from each plate were picked off and retested using all four 
tests: it was found that sometimes this process of sub-culture resulted in 
a restoration of biochemical activity, and these strains have been in­
cluded in Table 12.
Biochemical characteristics of staphylococci isolated from adults and 
children. Table 13. is a selective summary of isolates positive to one, 
two, tlireo and four biochemical tests. The majority of strains were 
positive to all four tests but the percentage of such strains was 
higher in the case of those obtained from children (67*5 per cent, and 
66*9 per cent for 1970-71 and 1971-72 respectively) than those fjx>m 
adults (32*5 .per cent, and 33,1 per cent)* Generally both groups of
adults carried more isolates giving one, two or three positive
11’ «■-tv .............................  ...—  ^ -------------- ...............
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biochemical tests, than children examined during the same période It 
appears that children carry more biochemically typical strains of 
Staph0 aureus than adults, and this may reflect the susceptibility 
of children to infection by this parasite. The adults by comparison 
show not only changes in type of carriage but also the biochemical 
activity of the strains isolated. It is possible that the physiological 
and immunological maturity of the host influence the biological activity 
of the parasite* Among the Staph* aureus isolated from adults there may 
be a number of variant strains that are adapted to survive on a mature 
rather than immature host* Alternatively these strains may be under­
going physiological" changes associated with senescence.
Table13. Biochemical characteristics of staphylococci isolated from 
adults and children.
Number of 
isolates 
positive 
to
1970 .
Adults 
No* . ^
» 1971
Children 
Noo ^ Total
1971
Adults
No.
- 1972
Children 
No. ^ Total
1 test 54 57.4 40 42.6 94 37 56,9 28 ,43.1 65
2 tests 68 53.5 59 46.5 127 58 51.8 54 48.2 112
3 tests 74 57.8 54 42.2 128 70 45.7 83 54.3 153
4 tests 583 32.5 1210 67.5 1793 504 33.1 1019 66.9 1523
Total 
positive 2 or more 
tests 725 35.4 1323 64.6 2048 632 35.3 1156 64o7 1788
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Biochemical characteristics of staphylococci isolated 
from persistent and transient carriers 
Persistent carriers, both adults and children, yielded a high 
proportion of strains positive to fo^ rr biochemica]. tests* In addition, 
the straiiB isolated from those children who were transient carriers 
tended to be biochemically typical (see Table 14)* By comparison, 
adult transient carriers examined during 1970-1971 yielded 75 
(42*4 per cent.) positive to four tests and 102 (57*6 per cent,) to less 
than four teats* In the following year (1971-72) 76 isolates (40*4 
per cent} from adult transient carriers were positive to four tests 
compared with 112 (59.6 per cent} that gave less than four positive 
results* It appears therefore that adult transient carriers of 
staphylococci yield strains that are biochemically atypical and the 
difference compared with isolates from persistent carriers is 
statistically significant( X  <COoOOl). The possible biological 
significance of this will be considered in the Discussion,
Tablel4 Biochemical characteristics of staphylococci isolated from 
persistent and transient carriers.
Persistent
Carriage
Adult Strains 
Typical Atypical 
No, % No. ^ Total
Children 
Strains 
Typical Atypical No* fo No* fo Total
1970-71 508 92.7 40 7.3 548 996 91.9 87 8.1 1083
1971-72 428 96*4 16 3,6 444 901 90,9 90 9,1 991
1970-72 936 94.4 56 5.6 992 1897 91.5 177 8*5 2074
Transient
Carriage..
1970-71 75 42.4 102 57.6 177 214 89.2 26 10.8 240
1971-72 76 40.4 112 59.6 188 118 71.5 47 28*5 165
1970-72 151 41.4 214 58*6 365 332 82.6 73 12,& 405
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The relationship of temperature and humidity to the
incidence of Staphylococcus aureus
The number and percentage of cultures positive for Staphylococcus 
aureus (to be referred to subsequently as 'isolation rate') are given, for 
both adults and children on each sampling occasion in Table 15 , together
with the mean temperature and relative humidity on the day of swabbing.
The Table shows considerable weekly fluctuation of temperature and 
humidity, sometimes accompanied by changes in the isolation rate. However, 
it is evident that the weekly isolation rate of Staph, aureus tended to 
be less dia’ing the winter months, when temperatures were lowest and 
relative humidity high, than in autumn, spring or that part of summer 
during which samples were taken.
There was no significant correlation between isolation rate of 
Staphylococcus aureus and relative humidity. Ambient temperature was, 
however, significantly correlated wi th isolation rate (Pigs. 6 and 7' )
from adults during 1970=71 (pO.OOl) and 1971-72 (p <1 O.O5); results for 
children were not significant.
It is of particular interest that the highest mean temperatures 
occurred during May to June but the isolation rate of Staphylococcus aureus 
was not significantly higher than that in the January to March period; indeed 
in the case of children it was lower, suggesting that temperature might not 
have been the only determining factor. Alternatively, it may be that, 
once the incidence had fallen there was some kind of lag before it 
increased in response to rise in temperature.
Isolation rate of Staphylococcus aureus over three-weekly intervals  ^ a
further tabulation was made using throe-week periods. As shown in Table 16 
the spring and early summer rise in temperature began during April/early 
May period and was aocom^mnied by a rise in the isolation rate from both
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adults and children. A further rise occurred during the latter part of 
May and June, but never to the October level, confirming the lag effect 
previously noted. It is highly unfortunate that data for the July to 
September periodssre absent, but it seems likely that this would have 
shown a gradual increase in incidence to the October levels or to a 
higher level in late summer,
Tim© relationship between mean ambient temperature and isolation rates 
of Staphylococcus aureus.
The mean ambient temperature was correlated with isolation rate 
of Stauh, aureus with a lag period of 1 to 6 weeks. It will be recalled 
that adults showed a significant correlation between temperature and 
carriage whilst children did not. For adults examined during 1970-71 the 
correlation remained significant (p .^0,005) with a one week lag, but 
for later weeks the relationship was insignificant although two inter­
esting peaks occurred at lag week 3 and 6 (see Fig,8a). The 1971-72 
group of adults did not show a significant correlation at lag week 1, but 
the overall slope of their correlation coefficient curve was similar and 
the peak at lag week 3 was significant (p ^  0,05 ^ Fig.O'c;)
The results for the children were, however, particularly inter­
esting; whilst neither groups showed a statistically significant relation­
ship at week 0 and lag 1, the correlation at lag week 2 and 3 was signifi­
cant (p ^ 0,05) for children examined during 1970-71, The second group of 
children (1971-72) showed no significant correlations, but the peaks shovm 
in Fig,,84 are similar to curve Fig.-8b. .
These results would tend to suggest that the direct correlation of 
temperature and isolation rate shown by adults indicates a cycle of 
infection æd dissemination of staphylococci among physiologically and 
immunologically mature transient and persistent carriers. It may be that
-116-
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the persistent carriers act as reservoirs and carriage among transient 
carriers probably fluctuates ' more rapidly in response to temperature 
changes. Unfortunately the low number of adult persistent carriers 
. did not allow this hypothesis to bê tested statistically. The lag 
effect shown in children is perhaps due to cross infection between 
adults and children. It is possible that temperature related recovery in 
the isolation rates for adults is followed by dissemination of 
staphylococci and, after what appears to be a two week delay, an increase 
in carriage and isolation rates from the more susceptible members of the 
host population. This was tested statistically by comparing the 
isolation rates of children with those of adults: these were significantly
correlated in the first year (l970-7l) at week 0 ( p<^ 0.00l) and after a two 
week lag (p 0.001 *see Figures 9 and 1 0 By comparison^during 1971-72 
the relationship was insignificant at week 0 but significant when correlated 
to a two week lag (p 0,025. j , Figs Hand >12 ) p thus further substantiating 
the concept of cross-infection between adults and children.
Mean ambient temperature and the -percentage of cultures from the hand, 
nose, and throat of adults and children positive for Staph. aureus, 2%
Table 17 the percentages of cultures positive for Staph, aureus are given 
according to site of isolation. For the sake of ease of reading the mean 
ambient temperatures already listed in Table 15 are repeated. Figures 
13a p.b and ;l4a,b.depict the same results in graphic form.
Analysis of data for adults revealed a significant correlation 
between temperature and rate of isolation from the hand and nose (p 0,001 
and p 0,005) respectively. For children no correlation was evident until 
temperature was compared with isolation rates taken #0 weeks later. The 
rate of isolation of Staph, aureus from noses of children examined during
- 118*-
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Fig. 10 Correlation between isolation rate of Staphylococcus
aureus by adults and children examined two weeks later
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FIG. 12 Correlation between isolation rate of 8t^hy 1 ooocous aureus by adults and children examined two weeks .later
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Table 17 Mean ambient temperature on weekly sampling occasions together with isolation rate
from hand, nose and throat.
Date MeanTemp, o„
ADULTS
site
igTUZTT CHILDREN
site
Date Mean
Temp,
ADULTS
site
c;
a, 6.10,70 10.3 8 15 7
Jl U tcij.
30 7 24 17 48
1--
a. 7,10,71 9.8 1 19 9 29 8
b. 13.10.70 14.8 6 22 10 38 11 42 14 67 b. 14,10.71 17,0 3 21 5 29 11
Go 20.10.70 6.7 9 18 11 38 12 33 16 61 c. 21.10.71 15.5 5 22 5 32 11
d. 27.10,70 7,9 6 15 3 24 10 38 13 61 d. 28.10,71 10.3 3 22 4 29 11
e. 3vllc70 12.2 8 17 9 34 8 37 15 60 e. 11.11.71 3.7 3 17 6 26 12
I. 10.11.70 8.8 . 5 17 5 27 7 31 12 50 f. 18.11.71 8.6 4 20 5 29 14
g. 17.11,70 6.8 2 10 7 19 4 38 19 61 g. 25.11,71 1.1 5 15 3 23 7
h. 24,11,70 8.4 6 12 9 27 7 35 20 62 h. 2.12.71 1,7 1 9 3 13 C
i. 1,12.70 7.0 1 10 0 11 2 23 7 32 i. 9.12.71 6,4 9 17 6 32 1C
j. 8 ,12,70 5,1 2 10 5 17 3 28 12 43 j. 16.12.71 7.9 4 13 3 20 4
k '15,12.70 2.5 1 15 2 18 2 17 9 28 k. 13, 1.72 8,8 4 10 7 21 6
1. 12, 1.71 4,1 1 17 4 22 4 28 14 46 lo 20. 1.72 5.2 7 18 5 30 c
m. 19. 1.71 7.3 4 18 4 26 1 22 11 34 m. 27. 1,72 I08 4 16 8 28 4
n. 26, 1.71 .7^.4 5 16 8 29 7 28 13 48 n. 3. 2.72 -5,2 0 3 5 13 4
0. 2, 2.71 4.5 1 15 2 18 4 28 12 44 0, 10. 2.72 4.5 4 14 3 21 6
p. 9. 2.71 5,5 2 15 2 19 9 32 14 55 p. 24. 2,72 3.4 3 13 4 20 •a
q, 23. 2.71 3,1 2 15 4 21 10 27 14 51 q. 2. 3.72 4.4 4 13 3 ,20 1
r. 2. 3.71 4.4 2 10 3 15 5 22 9 36 r. 9, 3.72 3.9 2 10 2 14 e
S 0 ; ,9 » 0 7.1 ’ V'#: <9 ' : 26-•-7;; .8.' rV.O 18,, (
t v '  I6w ÿ # 5-.lv". ;.v_i6/ 28-Vbÿ-V'22;' a m .23; 3.72=":'9,8''%' ' 2 M l Æ
. '
u. .23, 3,71. . 3 .8 5 , 12 4 21 7 16 . 9 : 32 Ù. 30. 3.72 9ô3 0 - I T ' . vb 17 c
V. 27. 4 . 7 1  ■ 6.3 4. 20 . 6. 30 10 26 : 12 48, V , 27. 4.72 7.3 . . 0 11 0 11 2
w. 4. 5.71 15.6 5 20 4 29 3 23 1 4 40 w . 4, 5.72 9.0 4 19 7 30 6
X .  1 1 . 5 . 7 1 15.7 7 22 9 38 8 22 13 4 3 X . 11. 5.72 10.6 12 25 11 4 8 I'c
y, 18. 5,71 13.5 4 18 4 26 4 34 15 53 y . 18. 5.72 10.5 3 17 2 22 1:
2, 25. 5,71 10 . 7 5 15 6 26 5 27 12 44 z . 25. 5.72 12,2 5 16 5 26 (
A. 8. 6.71 12.9 6 18 8 32 5 28 1 4 47 A, 8. 6.72 11.2 4 13 6 23 (
3. 15. 6.71 11.1 6 16 6 28 7 53 12 5 2 B . 15c 6.72 13.5 8 14 9 31 1;
C. 22. 6.71 15,1 4 16 3 23 7 53 14 54 C. 22, 6.72 10,1 6 22 7 35
D. 29. 6.71 16.3 7 23 9 1 59 i 5 33 1 3
51 D. 29. 6.72 13.4 5 17 4 26 1
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1970-7IfvaFj significant (p K. 0*005) and a close^  but statistically in- 
significant correlation vas found in the second group of children, 
liost-carasite resnonses The response of the host-parasito relationship 
to slight changes in temperature in a temperate climate might veil be 
expected to be gradual. In adciitiojip all of the children and most of 
the adults voi'k in centrally heated classrooms and vork-places during the 
winter months. The ambient temperature would invariably be higher and 
humidity different from that of outside environmentSf and this will 
probably have influenced the results« Nevertheless it is qidte evident 
that a relationship does indeed exist between isolation rate and mean 
ambient temperature.
Staphylococci are certainly knovm to exist on the skin surface and 
in sweat and sebaceous glands. Presumably as the ambient temperature 
risesf sweat gland activity increases^ staphylococci are deposited in 
large numbers on the skin surfaces including those of the hand, Depending 
upon the air humidity at this time, rapid evapoi'ation may take place from 
the skin and in these circumstances, strains of staphylococci deposited on 
the skin may dry out rapidly and die. It is possible that ambient tem­
perature influences nasal mucous membranes and skin in a similar Y/ay.
By comparison, the local temperature of the throat is unlikely to 
show a great deal of variation. In the case of adults, throat isolation 
rates remained fairly constant. The fluctuations of throat isolation 
rates in children were somev/hat greater than those found in adultsf in 
view of the fact that both groups of children showed a significant 
correlation between nose and throat isolation rates (p<^ 0^,00l) it seems 
feasible that the so changes v/ere due to infections from the nose v/hcn t)ie 
nasal mucous membranes and tikin Yforo active.
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Bacteriopliage typing of staphylococcal isolates
All isolates were typed using the International set of bacterio­
phages . Parker (l962), found that about 70 per cent, of all strains of 
Staphylococcus aureus isolated from human sources were lysed by one or 
more phages at RTD and the proportion of susceptible strains could be 
increased to over 90 per cent., if the phages were applied at 
Ill the present study the reaction at RTD 100 have not been reported if 
the strain was susceptible to phage at RTD.
Occurrence of phage typable and non-typable strains in adults 
and children.
Over the whole stud;^ ,60,l per cent, (1489/2479) of strains from 
children were phage sensitive compared with only 49,1 por cent. (667/1357) 
of isolates from adults. The difference in phage susceptibility of strains 
carried by children and adults is quite significant (X^ P 'X.O.OOl) 
and it has not been previously reported. It is difficult to advance an 
explanation, but Table 13 shows that strains from cliildreii are more fre­
quently biochemically typical than those from adults. Since the ■ «
International set of bacteriophages used in this survey was selected to 
lyse strains of staphylococcus that are tube coagulase positive, one 
would expect a higher percentage of the strains carried by children to 
be lysed by these phages. All except owof the phage typable strains in 
the present study were tube coagulase positive. The one typable coagulase 
negative strain was isolated from the throat of an adult (number 56).
The relative proportions of phage typable and non-typable strains 
amongst isolates from the various sites examined are given in Table IB and 
illustrated in Pig.15 and 16 « About half the isolates from both nose
and throat of adults were typable compared with only 28-30 per cent of 
hand strains.
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Table 18 Occurrence of phage sensitive (typabl e^_)_ajid_phage.
resistant (non-typable) ^tanhylocqççus aureus i^
adults and children.
Isolates from adults Isolates from children
Year Site Typable No, ^
Non-typable 
No, io
Total
No.
Typable 
No. ^
Non-typable 
No. fo
Total
No.
1970-
1971 L 111 53o6 96 46.4 207 208 55.0 170 45.0 378
R 122 52,1 112 47.9 234 228 58,2 164 41.8 392
ÏÏ 35 28.0 90 72,0 125 73 43.2 96 56.8 169
T 77 48.4 82 51.6 159 228 59.4 156 40.6 384
•
All
Sites 345 47.6 380 52.4 725 737 55.7. 586 44.3 1323
1971*1972 L 119 54.8 98 45.2 217 283 72.4 108 27.6 391
R 123 58.0 89 42.0 212 265 66.6 133 33.4 398
H 31 23.8 73 70.2 104 63 42.3 86 57.7 149
T .49 49.5 50 50.5 39 141 64.7 77 35.3 218
AllSites 322 51.0 310 49.0 632 752 65.0 404 35.0 1156
KEYî L 
R 
H T
left nostril 
right nostril 
hand 
throat.
FOOTNOTE: sensitive means lysed at RTD or
by any of the phages used.
.1? ! .
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staphylococci from the hands of children were also less frequently 
susceptible to the range of phages employed than isolates from the nose 
or throat* In the first year of tie study (l970-7l), 45»2, per cent* 
of the hand isolates were typable compared with about 58 per cent, of 
nose and throat strains and in the second year (1971-72) 42=3 per cent^  
of strains cultured from the hand were lysed by phages*
These findings suggest, perhaps, that in healthy individuals a 
proportion of the endogenous staphylococcal flora is peculiar to the 
skin and may thus be resistant to the lytic action of a set of phages 
assembled mainly for typing staphylococci of nasal origin* Alternatively, 
if the skin is contaminated by strains from the nose and throat, (and one 
would expect this to happen, at least to the right hand), the organisms 
may undergo physiological adaptation associated perhaps with desiccation 
that also causes them to lose their susceptibilitjr to bacteriophage *
The distribution and antibiotic resistance of Staph.aureus of 
different phage groups
Details of the distribution of isolates from children and adults 
according to phage groups are set out in Table 19 «
Group I Adults examined during 1970-71 carried more; sh’ains susceptible 
to group I phages than to any other group: 65*7 per.cent*, 53*6 per cent* 
and 62*3 per cent, of isolates from the hand, nose and throat respectively 
were lysed by Ihese phages* The corresponding percentages in 1971-72 
were lower with only 25.8 per cent* from the hand and 34*3 per cent* 
and 24*5 per cent, from nose and throat* The proportion from all sites 
examined during 1970-71 was 56*8 per cent, compared with 32*0 per cent* 
in the folloiving year (1971-72) *
Table 19 Isolation of Staphylococcus aureus of different phage groups from the hand, nose and
adults and
Year Group Site No.
I
io No.
II
i Ho'.
Phage groups III IV 
i Ho. ' i
Mis
No.
G.
io
MixeHo,
1970- Adults H
9^71 N
23
125
65*7
53.6
5
43
14.3
18,4'
0
7
0
3.1
0
2
0
0.9
2
15
5.7
6.4
5
41
T 48 62.3 1 1.3 5 6.5 1 1.3 4 5.2 18
AllSites 196 56*8 49 14.2 12 3,6 3 . 0.9 21 6.0 64
Children H 21 28.8 28 38.4 5 6.8 0 0 3 4.1 16
M 155 35.5 152 34.9 33 7.6 0 0 36 8.2 60
T 58 25.4 60 26.3 21 9.3 1 0.4 11 4.8 77
All
Sites 234 31.7 240 32.6 59 8.0 1 0.1 50 6.8 153
' Adults /All 
- ^ ' Sites \
' •  : Children -..
.
■ 450, 40.0'% i 27.0 0.4 -217 ,'■■7
1971- Adults' •i:-'- ' : < i' . , > 25.8 . :'. ii 6.4 h :.,8, ; -25.8
■ '.r 9 • ^
1972 ^ ^ 83 34.3 ' 19 " ' 7.8 "14 5.8 • ' 0 20.2 77
T 12 24.5 4 8.2 2 4.1 0 - 10 20.4 21
. All Sites 103 32.0 25 7.7 20 6.2 0 67 20,8 107
Children H 32 50.8 14 22.2 6 9.5 0 — 1 1,6 10
N 299 54.6 123 22.4 31 5.6 0 — 6 1,1 89
T 62 44.0 32 22.7 13 9.2 0 - 2 1.4 32
AllSites 391_ 52.2 169 22.5 50 6.6 0 9 1,2 131
Adults All f Sites 
Children
496 46,2 194 18.0 70 6.5 ■ 0 - 76 7,1 238
1970- Adults All 
1972 + Sites 
Children 929
43.0 483 22.4 141 6.5 4 0.2 147 6.8 455
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Among children slightly more strains;cultured from the nose^ ' were 
susceptible to these phages. The proportion of group I strains from all 
sites examined in 1970-71 was only 31,7 per cent compared with 52.2 per 
cent* in the follomng year. The highest incidence of group I strains, 
occurred in adults in 1970-71 and in children during 1971-72.
Antibiotic resistance of group I strains of different phage patterns Few of 
the phage patterns were exactly shared by two or more strains. For 
this reason in the following and corresponding sections no detailed 
tabulation of phage sensitivity and antibiotic resistance patterns 
of individual strains will be given: instead, selected points 
of interest only will be discussed*
Strains of staphylococcus that are susceptible to phages 
52/52A/8O are considered to be potentially epidemic types* It 
is interesting therefore that in 1970-71 eight adults yielded 
strains with this phage pattern, whilst none were isolated from 
adults during the second year* Seven of the strains were res­
istant to antibiotics and two of these resisted raethicillin*
However, this observation is not unique and has also been re­
ported in the U.S.A. by Barrett et al.. (l970). Nine strains 
isolated from children were susceptible to phages 52/52A/80î
Oone was sensitive to all antibiotics tested but the remaining 8 
were resistant to one or more of the antibiotics including, in 
the case of one strain, methicillin*
The occurrence of such strains in a non-hospital, healthy 
population should be carofVilly monitored* It is possible that 
they pla5^ an important role in maintaining a residual level of 
resistance to antibiotics amongst strains parasitizing healthy 
carriers* The wide-spread distribution of these staphylococci
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suggests a high degree of adaptability, attributable perhaps to 
the possession of plasmids that may. amongst other functions, 
control antibiotic resistsjriceo In addition, their known 
susceptibility to some phages could provide a means for the 
transduction of resistance determinants.
Group II Carriage of group II strains was commoner in children than in 
adultso The proportion isolated from children in 1970-71 was 32*6 per 
cent, and 22.3 per cent* in 1971-72. Only 14,2 per cent of strains 
from adults examined during 1970-71 were susceptible to group II phagesj 
the following year the proportion was even lower; 7»7 per cent*
Group II strains are, according to Wilson et al*« (l97l), the 
’classic skin strains of staphylococcus”, and they have been associated 
with impetigo (Parker and Williams, 196l) and toxic epidermal necrolysis 
(Lyell, Dick and Alexander, 1969)* It is of interest therefore that 
these strains were more frequently isolated from the hands of children 
than adults* It may be that the skin surface of adults is in some way 
non-conducive to the survival of group II strains* Children, because 
of their higher carriage rates, may have a greater predisposition to 
sepsis from these strains particularly since they are x^ rone to cuts and 
abrasions * It is possible that occasional infection via superficial 
wounds leads to an imiunological response vrhich subsequently reduces the 
frequency of carriage in the mature host*
The common occurrence of penicillin resistance amongst group II 
strailns from children probably reflects the popularity of this antibiotic 
as a topical thera])eutio for the treatment of staphylococcal skin lesions, 
There seems to be no explanation for the number of strains from children 
resistant to streptomycin (no streptomycin resistant strains were ob­
tained from adults).
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The cormnoneat phage patterns were 55/71, 30/55/71, 30 alone,
30/55 and 3A/30/55/7I* These findings are similar to those of Mendris 
et al *, (1971) who examined 221 strains of pathogenic staphylococci 
from children and found that the most frequent group II phage patterns 
were 55/71, 30, 3A, 3C/55, 3A/3C/55/71 and 3A/55/71.
There appeared to be phage typing patterns somewhat characteristic 
of strains isolated on the one hand from adults and the other from 
children. For example, strains lysed by phages 30, 30/7I, 3A/30/7I and 
3A/55/71 were repeatedly isolated from children but never from adults, 
and strain 3A/3C was repeatedly isolated from adults but not diildren*
111 defined factors associated with the transmission and survival of 
group II strains between adults, children and vice versa may be involved,; 
for example differences in immunological maturity may give rise to 
alterations in the nature of the host-parasite relationship*
Antibiotic resistance of group II strains of different phaece -patterns Four 
isolates of phage pattern 5A/3C/55/71 (all from children) were 
sensitive to all the antibiotics tested except for one which re­
sisted penicillin? 8/9 strains lysed by phage 5S alone were res­
istant to penicillin and other antibiotics including fucidin, 
novobiocin and streptomycin*
Two strains from adults and two from children of phage type 
55/71 or 71 alone,were resistant to methicillin* Resistance to 
methicillin in group II strains has not been previously reported 
and the finding probably .reflects the increased therapeutic use 
of this drug (Ridleyet al*. 1970? Porsell,197l)*
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Group III Compared with the two previous phage groups, few group III 
strains were isolated either from adults or children and it would appear 
that these strains are not well established in healthy, non-hospital 
populations 0 Although the work of Barret et al (l9?o) is not 
strictly comparable since only antibiotic resistant strains were ex- 
arained it is nevertheless of interest that these workers found that 
the proportion of group I strains resistant to antibiotics had de­
creased and those of group III increased among both out-patients and 
in-patients*
All strains from children in both years of the study were 
sensitive to kanamycin, lincomycin and vancomycin* Most of the 
isolates from adults and children vrere resistant to penicillin and 
this is probably due to the popularity of oral penicillins* It is 
also well known that the f5.rst reports of penicillin resistance in 
strains of kiiowm phage group related to group I and III (Barber and 
V/hitehead, 1949; and Elwood, 1951 )*
Antibiotic resistance of group III strains of different phage 
pattern* Because of the large number of phages in group III the
possible permutations of patterns is extensive? however, only 
strains of phage type 42ÏÏ were isolated from adults during both 
1970-71 and 1971^ *72* In the case of children strains of type 
428, 53 and 77 were obtained* No correlation appears to ex­
ist between bacteriophage pattern and antibiotic resistance*
The incidence of antibiotic resistant group III strains in non-hospital 
communities * Mordvinova .et al.(1969) found that staphylococci sus­
ceptible to group III phages were widely distributed among both healthy
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and sick individuals ( as were group I strains). However, Jesson et âl. 
(1969) and Hdsendal and B%low (l97l) suggested that during the period 
I 9 5 7 - I 9 7 O ,  group III strains resistant to tetracycline had gradually 
replaced the previously predominant group I epidemic strains. Barrett 
et al (1970) also found that the proportion of group 1 strains had 
decreased and that of group XII increased, both among hospital out­
patients and in-patients during the period 1964-67* The finding that, 
in the present survey, group I strains were greatly in excess of 
group XXI (see.Table 19)* was therefore unexpected.
Environmental factors may play an important part in determining 
the relative abundance of different phage groups in non-hospital pop­
ulations, The work of Iwasawa and Ishihara (l96?) and Lacey et al.
(1970) suggests that group I'll strains are the more susceptible to 
physical factors, in particular desiccation, which may explain why large 
numbers of multiple antibiotic resistant strains of this group have not 
become widespread and permanently established in the general community. 
There is also some suggestion (Elek, 1959) that group III staphylococci 
are, in response to antibiotics, more mutable than other strains. If 
this is true, it is possible that in a non-hospital community, once the 
selective pressure of antibiotic therapy is removed, the group III strain 
is unable to complete with either the non-hospital wild-type or with 
strains belonging to other phage groups. The x'esults presented hero 
may therefore give a more accurate picture of carriage of group III 
staphylococci in healthy individuals, with no recent hospital contact, 
than has previously been made.
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Grout) IV (Phage 42D only). Phage 42D was the only representative of 
group IV jncluded in the typing set. Two strains lysed only by this 
phage were isolated, one from an adult (sensitive to all the anti­
biotics tested), and one from a child (resistant to penicillin only)* 
Antibiotic resistance of Staphylococcus aureus sensitive to phage 42D
in combination with phages of other groups.Meyer (l967) reported that
sensitivity to phage 42D was frequently accompanied by sensitivity to 
phages of other groups, particularly group III* Eight adults in the 
present survey yielded strains lysed by phage 42D and other phages 
(of group I in the case of four and of group III in the remainder). 
One strain (susceptible to 42D and phages from both group X and III) 
was sensitive to all antibiotics tested) the remainder resisted pen­
icillin, fucidin and novobiocin* Two antibiotic resistant strains 
were isolated from children.
Miscellaneous groups of phages* Pew isolates were sensitive to 
miscellaneous phages. During the first year of the survey, distribution 
between adults and children was similar; in the second year (1971-72) 
only 1*2 per cent of Isolates from children were susceptible to these 
phages, but adults yielded a higher percentage (Table 19 ).
Antibiotic resistance of strains of miscellaneous nhage ratterns* Res­
istance to antibiotics was restricted to penicillin, fucidin 
and chlortetracycline. Children yielded two strains lysed 
by phage 187, both sensitive to all of the antibiotics tested*
It is generally believed that type 187 strains are of animal 
origin: this might explain not only their infrequency of 
isolation in the present study, but also their lack of anti­
biotic resistance.
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Pha,-?es of mixed grouns. Many of the staphylooooci isolated, both from 
adults and children, were susceptible to combinations of phages of 
different groups, particularly those cultured from the throat*
Antibiotic resistance of strains sensitive to phages of mixed 
grroups. Strains lysed by phages from group l/ll, l/lll*, l/Misc., 
Ill/Hisco, and l/lJl/Misc*, were widely distributed among 
children and adults, and were generally resistant to one or 
more of the antibiotics tested* The majority were resistant 
to penicillin;resistance to fucidin,. streptomycin and,,(in 
the case of strains from adults^novobiocin, was common. There 
was no evidence of any correlation between a particular combination 
and antibiotic resistance. One child yielded a strain lysed by 
phages 80 and 81 (strains of this type are considered by 
several workers including Cooper et al (l962) to be generally 
antibiotic resistant) but the strain was sensitive to all the 
antibiotics tested. However, a strain susceptible to phages 80 
and 88 was resistant to penicillin, methicillin and fucidin.
General comment. It would appear from these results that healthy ,
subjects tend to carry staphylococci which are, in the main, susceptible 
to group I phages. In the case of children a fair proportion of isolates 
could be tjrped with group II phages.
Many of the isolates, from adults and children alike, could not 
be grouped and were only typable using phages of several different 
groups. As previously emphasised, the International set of bacterio­
phages was selected to type staphylococci of known or presumed pathogeni­
city; it is understandable therefore that when these phages are applied 
to strains isolated from healthy carriers many of the typing patterns 
are unusual, and do not permit grouping according to existing conventions.
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Antibiotic sensitivity testa 
Each week, all current isolates of Stanhylococciis aureus were 
tested by a plate method for resistance against the seven commonly 
used antibiotics listed in Table.20„ In this way a total of 3,836 
cultures was examined* Of this collection^  810 strains isolated in the 
second and penultimate weeks of each academic terra were additionally 
tested against the four other antibiotics listed in Table 22. ,
In considering the jssults it should be understood that many 
cultures probably represent the same strain, isolated repeatedly. The 
results are therefore, presented in two forms: Table20 gives the 
antibiotic resistance of all 5836 isolates and Table 21 the resistances 
of 1485 selected strains, that is to say, those isolates from a given 
child or adult sho\d.ng at least two differences in their antibiotic, 
biochemical or bacteriophage reactions. If, for example, two apparently 
identical strains were cultured on the same occasion from both nose and 
throat, only one of these isolates would be included in Table 21.
Similarly over several weeks a subject might repeatedly yield indistinguish­
able strains of Stanh. aureus i^n which case only the first isolate would be 
included? when, from time to time, a strain showing two or more differences 
in the tests performed wouI.d be cultured, it would be included, but only 
once, in theT able for selected strains.
Antibiotic resistance in the comnlete collection of 3*836 isolates of 
Staph, aureuso Table20,summarises the overall frequency of resistance 
of all isolates, both phage typable and non-typable to the antibiotics 
tested. Approximately half of the staphylococci isolated from both 
children and adults resisted penicillin. Resistance to other antibiotics 
was generally infrequent although 7.0 and 6.1 per cent, of isolates re­
sisted streptomycin and fucidin res%)ectively, perhaps, not surprisingly,
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in view of the past extensive usage of these antibiotics in certain aspects 
of therapeutic medicineo Streptomycin was in fairly common use around 
1951-58 in the treatment of pulmonary tuberculosis and was often used 
as an antibiotic umbrella for patients undergoing surgery^  Fucidin was 
prescribed for staphylococcal'and mixed infections in paediatric and 
genito-mrinary units»
Antibiotic resistance in 1485 selected strains of gta'rjp*d£^ coccus^ ureiis, 
Details of antibiotic resistance of selected strains are set out in 
Table 21 I^t will be recalled that the selection procedure involved 
the exclusion of cultures which were suspected to be duplicates or 
repeated isolations of the same strain*
The main point worthy of comment is that practically all of the 
percentages of resistant strains, whether for 1970«»71 or 1971-72, are 
higher than the corresponding results given in Table 20 for the whole 
collection of isolates. It would thus appear either that antibiotic 
resistance must be associated with slightly lower persistence of the 
strain so that strains showing antibiotic resistance tend not to be 
isolated repeatedly, or that resistance tends to be restricted to 
isolates from one site only (throat, or nose, or hand) but not two or 
three sites together*
Resistance to the extended range of 11 antibiotics 
As previously mentioned^®10 Staph*aureus cultures isolated from 
adults and children during the second and penultimate weeks of each 
University term were tested against an extended range of 11 antibiotics *
The antibiotics additional to the standard range used for all the strains 
were ohlortetraoycline (aureomycin), kanamycin, lincomycin, and vancomycin 
(Table 22 )*
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Th’e incidence of strains resistant to various antibiotics listed 
in Table22 vfas similar in isolates from both adults and children, and 
also in the two years 1970-71 and 1971“*72o- Between 1 and 5 por cent^  of 
strains isolated from adults and somewhat less &'om children were 
resistant to kanaraycinp lincomycin and vancomycin. Both groups yielded 
several strains resistant to chlortetracycline and this finding is difficult 
to explain. The antibiotic was popular in the 'fifties and early 'sixties, 
but appears to be infrequently used at present, except in the treatment 
of some urinary, opthalmic and skin infections. The detection of 
cultures resistant to chlortetracycline may indicate survival of strains 
which acquired their resistance when chlisitetracycline was in more common 
use and would suppose a genetic mechanism enabling the perpetuation of this 
trait,
Antibiotic resistance in phage typable and non-tvnable 8taph7!^(),9999E^ i 
aureus, Table 23 compares occurrence of antibiotic resistance in phage 
typable and non-typable strains. Generally, the frequency of resistance 
among phage typable and non-typable strains was ârailar. The notable 
exception was the proportion of non-typable chlortetracycline resistant 
isolates (l4.2 per cent.) cultured from children. It is evident from 
these results therefore, that antibiotic resistance in Stanh, aureus 
isolated from healthy individuals is not restricted to phage typable 
strains.
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Multiple antibiotic resistance
Multiple antibiotic resistance is taken arbitarily to mean resist­
ance to penicillin and one other antibiotic*. Thirteen adults and eight 
children examined during 1970-1972 yielded Staphylococcus aureus showing 
this traitp some of them on more than one occasion; in all, sixteen 
strains were cultured from adults and eleven from children and full 
details of those are given in Table 24 . Very few of the isolates were
sensitive to typing bacteriophages, but it is of interest that two of 
the susceptible strains (those isolated from adults 17 and 56) were 
lysed by phages 52/52A/80 and 29 respectively and both were resistant to 
methicillin.
None of the multiple antibiotic resistant strains was carried 
persistently. However, three adults (subjects 25, 70 and 79) did yield 
different strains on two separate occasions; furthermore, one child 
yielded two different strains on each of two separate occasions. The 
isolates from each individual were considered to be different strains 
of Staph. aureus.because they always showed differences in either 
biochemical activity, bacteriophage susceptibility or spectrum of anti­
biotic resistance (Table 24 )• However, during one week in December
1971, four strains were isolated from adults; one from the nostril of 
subject 52, and the remaining 3 from the hands of subject 70, 71 and 72. 
The isolates were all resistant to the same antibiotics and their only 
difference was ability to synthesis bound coagulase. In view of the fact 
that none of these subjects had any contact with each other before or 
during swabbing, one can only assume that the organism was highly trans­
missible.
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It is also noteworthy that the four adults (52, 70, 71 and 72) were 
all transient carriers, and in general multiple antibiotic resistant 
strains were more frequently isolated from adult transient carriers than 
from persistent carriers. Suggesting that an established flora of 
potential pathogens may limit incursions by what may he more virulent 
strainso By comparison multiple antibiotic resistant strains were 
isolated from six children who were persistent carriers and five 
children who carried the organism transiently. The difference between 
adults and children was not statistically significant.
Strains isolated from adults were resistant to a wider range of 
antibiotics than isolates from children. For convenience, details are 
set out in Table 25 *
Table 25 Multiple antibiotic resistance in Staphylococcus aureus
isolated from adults and children
Penicillin and 'n'
other antibiotics Number of strains isolated from
*n' a Adults Children
1 1 1
2 0 3
5 1 5
4 5 1
5 2 1
6 4 1
7 5 . 0
8 0 0
9 0 1
10 0 0
Total
Footnote: (i) Strains 
85/16 s=
isolated from adults were resistant to an average of 
5o3 antibiotics in addition to penicillin.
(ii) Strains isolated from children were resistant to an average of 
40/11 = 3,6 antibiotics in addition to penicillin.
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Multiple antibiotic strains cultured from adults were resistant to 
penicillin and an average of 5e5 other antibiotics compared with 3,6 
from children. It is difficult to advance an explanation for the 
difference between multiple resistant strains isolated from adults 
and children. Generally, adults will have been exposed to a wider range 
of antibiotics but there is no apparent reason why such strains should be 
restricted to them and not transmitted to children. Alternatively, it 
may be that survival on a mature host requires the activation of a 
wide range of plasmids including many that determine resistance to 
antibiotics.
Penicillinase production by multiple antibiotic resistant strains.Eleven 
of the 27 multiple antibiotic resistant strains were examined, using the 
method of/0rstavik and pàegaard (l97l)p (see Material and Methods), to 
detect penicillinase production. Penicillinase was produced by-eight 
of the 11 strains. As is well known, resistance to penicillin may 
or may not be due to the production of penicillinase (Kirby, 1944b; 1945), 
The enzyme acts by rupturing the^-^lactam ring of penicillins (Pollock,
I96I) as shown in Fig, 17 , and the antibacterial activity of the 
penicillin is destroyed by this cleavage.
Fig. 17 Action of penicillinase
S
R.CO.NH.GIUÇH O.Me   R.CO.NE.CR-CH '^ <5.Me6o_N 6H.C6 H + H0.6 H &  An.og H
Penicillin Penlcilloic acid ^
It is possible that the three strains which were penicillin 
resistant but failed to synthesise penicillinase may have produced amidases; 
those act by removing the side-chains attached to the 6-amino position of 
the penicillin nucleus (see Fig. 18).
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Fig.18 Action of amidase
S
R.CO.NH.ÇH-CH
co~]L. V H N.ÇH-. / CO-I' 7 "Me? + R.COH
Penicillin 6-Aminopenicillanic acid
Amidases, unlike penicillinases, catalyse both the forward and reverse
reaction; however the product of the reaction, 6-aminppeniciIlaniG
acid, also possesses some limited biological activity (Rolinson and 
Stevens, 196l); thus amidases do not completely destroy antibacterial
activity. Unfortunately, it was not possible to test this hypothesis by
examining the three penicillinase negative multiple antibiotic resistant 
strains (84%, 7OH-and 70L) for amidase production. In addition none of 
these strains showed the variable sensitivity to penicillin one would 
expect from amidase producing organisms.
The presence of plasmids in multiple antibiotic resistant strains. Richmond 
(l965a) showed that several hereditary characters were unstable in some 
strains of staphylococci and were lost from cultures at a rate greater 
than could reasonably be explained by normal spontaneous mutation. He 
calculated that the probability of loss of these determinants was 1:10^ , 
and thus considerably greater than the accepted ralvo of about 1; 10^ for 
the rate of spontaneous mutation. The high rate of loss of penicillinase 
from Stanho aureus led Novick (1965) to suggest that the genes concerned 
were not carried as part of the bacterial chromosome but were present 
on an extrachromosoinal unit of UNA which he suggested be called a plasmid, 
a terra first proposed by Lederberg (l952). The literature concerned with 
the occurrence of plasmids in strains of Staph, aureus has been more 
fully considered in the Introduction. Novick (1963) based his claim that 
genes in Staph.aureus wex'e usually extrachromosomal on the following 
points Î
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1. The high rate of loss from a cello
2. Transduction of the property of penicillinase synthesis . . 
to a suitable recipient cell, and a decreased rate of 
transduction if the lysate was irradiated with ultra­
violet lighto
Subsequently, it was found that loss of the ability to produce 
penicillinase, and loss of other characteristics such as antibiotic 
resistance could be accelerated by agents not generally regarded as 
mutagenic, for example, elevated temperature (43 -^44°#) and acridine dye; 
In the study reported here the effect of 
i) storage
ii) acriflavine , 12.5y-ig/ml., 25p&/ml.
iii) elevated temperature (43°C) 
on penicillinase production and antibiotic resistance of 11 multiple 
i*eaistant strains (six of these were initially penicillinase positive) 
was examined* In addition control groups of 3 penicillinase negative 
antibiotic sensitive, and 3 penicillinase positive penicillin resistant 
strains were also tested; detailed results are given in Table 26 
The effect of storage. Following isolation, biochemical characterisation 
and determination of antibiotic resistance, pure cultures were stored 
without sub-culture on nutrient agar slopes at 4^ 0 for nine months and 
then held at laboratory temperature (20-25^ 0) for six months. Several 
strains showed recovery in their sensitivity to some antibiotics^ 
particularly methicillin.
The effect of storage on antibiotic resistance is well known, for 
example Barber (l949). found that penicillinase producing staphylococci 
spontaneously gave rise to penicillin sensitive variants;
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the loss of resistance was found most commonly in old cultures which 
had been maintained in the laboratory under different conditions.
This finding was confirmed by Bondi, Kornblum and de Saint Phalle (lS53)» 
It is quite feasible that organism showing a certain range of properties 
when examined in laboratory culture may behave quite differently in the 
parasitized host, when influenced or threatened by the latter’s con­
stitutive and adaptive defence mechanisms.
In order to activate the plasmids that aid the survival of the micro­
organisms a given strain may well need to encounter some hostile environ­
ment such as that afforded by a host species mth its various defence 
mechanisms. Hence, at initial isolation from a host, the strain may have 
an operative plasmid, but once it is provided with conditions allowing 
multiplication at or near to its minimum doubling time, including adequate 
nutrients and growth temperature, the plasmid is no longer required and 
is lost, repressed or inactivated; at least its effects are no longer 
demonstrable* Similar disparity between the biocheaical properties of 
freshly isolated and laboratory-stored cultures of the same strain have^  
been reported by Brisbane and Rovira (l962)«
The effect of incubation at 43^G« The method of Asheshov (l966) was used^  
briefly, pure broth cultures were diluted 1 in 4 and incubated .at ,37^ 0 for 
1^  hours with aeration* Samples of 0*04ml were added to 5*0 ml nutrient 
broth pre-warmed to 37^  and 43°G, respectively and incubated at the 
appropriate temperature for 5& hours without aeration*
In 1953r Bondi, Kornblum and de Saint Phalle showed that growth of 
penicillinase producing Staph.aureus at 45^C resulted in a loss of 
penicillinase production* Several other workers (Fairbrother, Parker and 
Eaton, 1954; May, Houghton and Perret, 1964? Asheshov, 1966b) also found
'157'
that growth at elevated temperature (43“44^ G) accelerated loss of 
penicillin resistance in some strains ofstaphylococcus* May et al* 
observed that resistance to both penicillin and tetracycline was lost at this 
temperature; the two resistances were apparently lost independently, and 
the authors concluded that they were probably carried on different 
plasmids, and that growth at elevated temperatures interrupted synchronous 
replication between the plasmid and bacterial chromosome*
, In the present study, six strains; 75H, 70H, 60R, 72%, 84R and p2R 
lost their resistance to various antibiotics after incubation at 43^ C 
(see Table 26 ). In addition, 755 and another isolate 72H also lost their 
ability to produce penicillinase*
The effect of acriflavine* This was determined using the method of 
Hashimoto et al.*(1964)* Pure colonies were inoculated into 2 ml 
nutrient broth containing either 6.25 g^/ml, 12.5 ^ ig/ml or 25*0y%g/ml acriflavine 
and incubated overnight at 37^ . Each culture was diluted 1 in 10 and 0.1 ml 
was then spread on'a blood agar plate and incubated overnight at 37°0*
Elimination of antibiotic resistance was ccnfirmed using the replica 
/ plating technique of Lederberg and Lederberg(l952).
Several chemicals have been used to increase the rate of loss of 
penicillinase - determining and other plasmids from Staph, aureus.
Hashimoto, Kono and Mitsuhashi (l964) reported that 17/Ï8 staphylococcal 
strains grown overnight in the presence of 25 ^ ig/ml, acriflavine showed an 
Increased number of penicillinase - negative variants* However, Novick (1963) 
and Richmond (l965b) were unable to diow any ’curing' of staphylococcal 
strains using acridine dyes and concluded that the effect of these com­
pounds was, if anything, variable from strain to strain.
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The results obtained in the present work were quite marked: several 
strains tested \dth acriflavine at a concentration of 6.5 yug/ml. showed reduction 
of their spectrum of antibiotic resistance (Table 26)* Ten of eleven strains 
became sensitive to a wider range of antibiotics, although four of these 
58R, 70L^. 75H and 84% retained their resistance to penicillin. One of the 
penicillin resistant control organisms (56R) was also affected by the dye 
and lost its resistance to the antibiotic. Very similar results were 
obtained with acriflavine concentrations of 12.5 ^ ig/ml and 25 jig/ml. and 
these concentrations are therefore not included in Table 26 
The mechanism controlling resistance to antibiotics. It appears from these 
results tiiat several of the strains examined carried plasmid-like anti­
biotic resistance determinants. The loss of penicillinase production by 
some of these strains after treatment idbh agencies not normally regarded 
as mutagenic^such as exposure to acriflavine,•suggest that ability to 
produce the enzjaae was controlled by an extrachromosomal mechanism. The 
persistence of penicillin resistance in some strains despite 'plasmid-curing' 
treatment may have been due to the fact ihat this property was controlled, 
at any rate in these strains, by the chromosome rather than a plasmid*
The biochemical characteristics of the five strains which remained resistant 
to penicillin are of particular interest and though given in Table 26 
are for convenience transcribed in Table, 27 >
Table 27 Biochemical characteristics, phage susceptibility and 
penicillinase production after acriflavine treatment
Code
Strain
52R
58R
70L
75H
84R
Coagulase 
slide tube
Mannitolfermentation
4'
PPD Phage Penicillinase 
pattern ___
NT
I/Ill/Misc
NT
NT
NT
KEY: PPD = phenolphthalein diphosphate NT = non-typable
-159"
Only one of the strains, 58R, gave four positive teats; in addition it 
was lysed by a combination of phages from groups l/lIl/Miso and 
synthesised penicillinase. The remaining isolates resisted bacteriophage 
and gave less than four positive biochemical tests, only two strains, 52R 
and 755 synthesised penicillinase. One might speculate that the four 
strains showing a biochemical deficiency were mutants and, because 
of this, acriflavine had no effect on chromosomal control of resistance to 
penicillin. In these strains resistance to the other antibiotics tested 
was possibly controlled by a plasmid and therefore lost under the 
influence of acriflavine. Strain 58R did not show the biochemical 
deficiency which might perhaps be expected of a mutant, and besides 
being physiologically competent was resistant to several antibiotics.
Multiple antibiotic resistant strains play a special role 
in the parasitisation of human populations. Their frequent but transient 
carriage suggests that they are no less transmissible than other strains. 
Contact with a large number of hosts could assist in the dissemination of 
antibiotic resistance determinants by transduction or other genetic 
mechanisms. Resistance to antibiotics may be controlled by a chromosomal 
mutation, a plasmid, or both and the biological and evolutionary sig­
nificance of this will be considered in more detail in the Discussion.
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Staphylococcal carriage in relation to history of sepsis, 
hospital contact and antibiotic experience*
Using information from the questionnais?regarding septic 
lesions, hospital contact and antibiotic therapy (see page 214 ,
Appendix D) comparisons were made of the carrier status of various 
groups of the respondents. The results are given in Tables, 28 
28 b, 28 c*
Table .28 a* The carriage status of adults and children in relation­
ship to past antibiotic experiences
Antibiotic treatment Transient carriers 
Group,before or during
survey No.
Persistent
No.
carriers
(?0
Total
Ho.
23 (64) 15 (36) 56Adults
•'9 (69) 4 (■31) .13
8 (25) 24 . (75) 32Children
6 (40) 9 (60) 15
Table 28 b. The carriage status of adults and children in relation-
ship to past history of septic lesions.
History of boils Transient carriers Persistent carriers Total
Group sepsis No. W No. m No.
23 (64) 15 (36) 56Adults
4- 9 (69) 4 (.31) 13
12 (30) 28 (70) 40
Children 4- 2 (29) 5 (71) 7
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Table 28 0. The carriage status of adults and children in relation- 
• ship to hospital experience (I)
(Only one individual, an adult, did not carry the organism; he had 
no previous history of septic lesions, hospital contact or antibiotic 
experience either during the survey or the two years preceding it. One 
adult transient carrier of staphylococcus received a five day course of 
tetracycline whilst under study and subsequently yielded resistant strains 
from time to time).
The majority of the respondents reported either direct or indirect 
contact with hospitals before or during the survey,.but there was no 
conclusive evidence to link the carriage of a particular strain of
Group
Hospital
experience
Transient
No.
carriers Persiste 
('/?) No.
nt carriers
(r»)
Total
No.
Adults None 14 (60) 9 (40) 25
Family 1 (54) 6 (46) 15
Self 10 (83) 2 (17) 12 j
Self and 
Family 1 0 I
Children None 5 (25) 15 (75) 20
Family 6 (30) 14 (70) 20
Self 3 (43) 4 (57) 7
Self and 
Family 0 - 0 - 0
(l) Hospital experience includes out-patient visits and/or admissions I
for obstetric and dental conditions. j
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staphyloccocua with this experience. Nevertheless it is noteworthy 
that with one exception all subjects examined yielded at least one 
strain resistant to one or more of the antibiotics tested.
Tables 28 a, b and c suggest some degree of association between 
past antibiotic experience, history of sepsis, hospital contact 
and transient carriage of staphylococci in the case of adults, and 
persistent carriage among children. The differences are slight and 
are probably obscured by the fact that the majority of adults were 
transient carriers and children persistent carriers, thus restricting 
comparison.
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Patterns of occurrence of Staphylococcus aureus
Distribution on body surfaces
Upuer respiratory tract. The nose, naso-pharynx, mouth and oro-pharynx 
are covered by a continuous layer of pseudo-stratified epithelium 
containing many secretory cells. In view of their histological 
similarity and close anatomical proximity Smith (i960) suggested it 
was only to be expected that there should be some overlap between the 
nasal and tonsillar flora in a given individual. It is not surprising 
therefore that many of the subjects examined in this survey yielded 
from the nose and throat staphylococci similar in both phage patterns 
and biochemical characteristics.
The nose, mouth and throat provide equable if not ideal 
sites for the growth of bacteria, and droplet spray associated with 
coughing, sneezing and talking would facilitate both direct and
indirect transmission from person to person,^  The-rato'at which
drying of droplet nuclei occurs will depend upon relative humidity - • ' • ' —  • ■
and ambient temperature* . . . . . .
Skin. It is of course possible that colonisation of the skin by 
certain strains of staphylococcus may occur, but it seems more likely 
that the majority of Staphylococcus aureus strains isolated from the 
hands are there as a result of contamination from the nose and throat. 
It is also possible that such strains are ill-adapted to survive on 
the skin surface: if so, skin carriage of Staph. aureus will tend to 
be of a transient nature. The results of the survey yielded some 
confirmation of this: children examined-during 1970-1972 and the first 
group of adults (l970-197l) carried fewer strains on the hand than at 
any other site (see Table 7 , p.98 ) suggesting that the skin is ].ess
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conducive to survival than the mucous membranes of the upper 
respiratory tract.
Many workers have studied the possible mechanisms whereby 
bacteria might be eliminated from the skin, Norton and Novy (1951»
1952); Eebell, Pillsbury, de Saint Phalle and Ginsberg (l950); 
concluded that desiccation was the principal lethal agent for skin 
bacteria. It has also been reported by Burtenshaw (l942); Ricketts, 
Squire and Topley (l95l) that lipids, particularly fatty acids, play 
an important part in the destruction of certain species including 
staphylococci. In addition,bacteria are lost from the skin in epithelial 
squames (Davies and Noble, 1962).
Although staphylococci are usually regarded as resistant 
to desiccation, Lacey, Alder and Gillespie (l970) produced evidence 
that phage group III strains were more susceptible to the effect of 
drying than group I and II isolates. Furthermore Iwasawa and Ishihara 
(1967) demonstrated that desiccation was an important external factor 
in reducing transraissibility of staphylococci. These findings are of 
particular interest in view of the results of the Guildford study: no
group III strains were isolated from the hands of adults in 1970-71, and
only 4 were cultured from adults in the following year (1971-1972). 
Overall the distribution of these strains among children and adults 
was very similar, and generally slightly more isolates were cultured 
from the throats of subjects (see Table 19 ). It would appear
that the throat offers the most equable environment for the survival
of group III staphylococci, and the apparent susceptibility of this
strain to desiccation has restricted its colonisation of non-hospital 
populations.
Difference related to individual
Difference related to age. Existing information suggests that carriage
•-Ü.66—
of staphylococci, particularly in the nose, shows a characteristic 
curve in relation to age and, after reaching a peak in the 10 to 20 
age group, there is a progressive fall with increasing age. The results 
obtained in the present survey suggest not so much a decrease with age 
but rather a change in carriage patterns from the persistent to the 
transient state. The majority of children and tennagers carried staph­
ylococci persistently bu^ after the age of 20^transient carriage was 
more common, and this was particularly noticeable in the 20-29 age group. 
One can merely speculate on the biological significance of 
age-related transient and persistent carriage. The adult persistent 
carriers could perhaps constitute the main reservoirs of staphylococci 
from which children and others are infected. Children, because of 
their immunological and physiological immaturity,may be expected to 
be particularly susceptible to colonisation. The role of adult 
transient carriers is more difficult to explain and possibly more 
interesting. It will be recalled that they showed a tendency to yield 
strains that were biochemically atypical, suggesting that the mature 
transient carrier may provide a variety of physiological and immuno­
logical pressures that favour the emergence of mutants or variants of 
Stanh, aureus which give rise to either disease episodes or changes in 
the pattern of colonisation of host populations.
Differences related to sex. No difference in carriage was seen between 
male and female participants.
Differences related to time
Seasonal difference; effect of ambient temperature, The relationship 
between carriage of staphylococci by adults and ambient temperature 
was significant, and probably related to a cycle of infection and 
dissemination among mature hosts. By comparison carriage in children
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did not show a direct correlation with temperature, but a lag re­
lationship, It appears therefore, that recovery in the observed 
carriage rates in adults is followed by a delay of approximately two 
weeks before the rate of isolation from children changes. It is tempting 
to suggest that during the lag period cross infection occurs between 
mature and immature members of the population.
The relationship between temperature and carriage of 
Staphylococcus aureus has not been previously reported in the U,K,
However, Novack and Feldman (l96l) in a study carried out on I3O American 
families found that whilst 25-35 per cent, of the group yielded 
Staph, aureus during autumn, winter and spring, this increased to 
44 per cent, in summer. In the present study the''nuiDbers of staphylococci 
isolated during the winter months declined and is of interest in the 
light of the results of survey work carried out by Christie (l958) in 
naturally cold climates. Christie undertook a study of nasopharyngeal 
and forearm flora of 7 subjects newly stationed in Greenland; he 
found that over a period of three months, the isolation rate of Staph, 
aureus fell, whilst the incidence of Staphylococcus albus remained 
unaltered. It is worth noting^however^ that Christie identified and 
differentiated the staphylococci only on the basis of microscopic 
appearance and colonial features, and a more thorough study by Sladen 
(1965) did not wholly substantiate these findings, though this 
worker noted that in the Antarctic. the number of intermittent and 
occasional carriers of Staph, aureus decreased. However Cameron (l970) 
did report that in Antarctic conditions coagulase-positive skin 
Staph, aureus were isolated only during the summer months.
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Conditions of cold climate living are difficult to reproduce 
in temperate climates but Ricks, Poe and Dooley (l964) studied a 
small group of volunteers engaged in acclimatisation experiments in 
a cold chamber, A tendency for an increase in the rate of carriage 
of Staph,aureus was noted and some previous non-carriers or intermittent 
carriers became persistent carriers during the cold phase of the 
experiment which lasted 6 weeks. This is of course contrary to the 
findings previously mentioned for naturally cold climates, and it 
may be concluded that special and unknown factors operate in simulated 
environments.
Nevertheless an important relationship between temperature, 
and carriage of staphylococcus exists and clearly it is worthwhile 
speculating on the possible causes. Staphylococci exist on the 
surface of skin and nasopharyngeal mucous membranes and will colonise 
sweat, sebaceous and possibly raucous glands. As the ambient tem­
perature rises,glandular activity in the skin increases as part of 
a normal physiological response to maintain body temperature)' it may 
well be that mucous secretion in the mouth and pharynx also increases. 
Glandular activity is associated with vaso-dilation of superficial 
blood capillaries and an increased blood supply to the skin and 
peripheral circulation. The sweat and sebaceous glands must be 
provided with electrolytes, water and nutrients in order to elaborate 
their respective secretions. It may follow that the nutrients 
available to glandular tissue will be accessible to the staphylococci 
parasitising these sites. The combination of nutrients, electrolytes 
and increased local temperature may initiate a period of increased 
multiplication by the bacterial flora. Numbers of viable young
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staphylococci will not only recolonise the glands, but many of these will 
be deposited on the skin. Once there, the risk of desiccation duo to 
rapid evaporation is probably high but two factors may favour the 
survival of the bacteria. Firstly it could be that young staphylococci 
may, for some reason, be able to resist desiccation more successfully 
than older cells. In addition, increased secretions of sweat may 
provide these bacteria with a high surface micro-humidity. It is 
possible that staphylococci colonising the nasal and pharyngeal mucous 
membranes are affected in a similar way, and the generation of infected 
droplets facilitates distribution of the organism araong the host pop­
ulation.
From a biological point of view such a sequence of events would be 
important in the host-parasite relationship. Initially the staphylococci 
are multiplying and thus re.colonising the host with viable young cells; 
others are disseminated to fresh hosts and the parasitisation of the 
population is maintained.
During the winter months of the present survey, when ambient 
temperature was low and relative humidity high, the isolation rate of 
staphylococci fell; and this could have been due to reduced glandular 
activity,as explained above. However, a second factor may be important: 
during the winter period many individuals have intercurrent upper 
respiratory infections. Many viral infections occur during this period 
and Lidvæll, Morgan and Williams (1965) found a significant correlation 
between mean day temperature and the incidence of common colds, T}iey 
also suggested that in some way the low outdoor temperature promotes 
transmission of the virus.
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Upper respiratory tract viral infections cause an increase 
in mucous secretions which could dilute out the staphylococci at a 
time when they are not undergoing rapid multiplication. In 
addition such an infection could lead to increased synthesis of 
secretory IgA and leucocyte activity resulting in a fall in the 
number of colonising staphylococci. On the other hand it may be 
argued that increased mucus secretions would tend to dilute secretory 
immunoglobulins and other suppressive factors and should therefore 
allow development of a greater number of staphylococci; it can only be 
.said that the results obtained did not suggest that such was the case. 
Another possibility is that multiplication of non-staphylococcal flora 
during an upper respiratory tract infection could depress the 
staphylococcal population by antagonism, competition for nutrients or 
other attributes determining ecological niche.
Further work on the physiology and nature of respiratory 
tract secretions under different environmental conditions would certainly 
be of great interest.
Annual differences^1970-1971 and 1971-1972 One adult examined during 
I97O-I97I did not .yield Staph, aureus but all others were enther persistent 
or transient carriers. The age composition of both groups of adults 
was similar (1970-1971*. 33.8B years and 1971-1972: 34,04 years) yet 
in the first year of the study (l970-197l) 40 per cent .were persistent 
carriers compared with 28 per cent,during 1971-1972. As mentioned in the 
Results section, this difference was statistically significant and must 
have been due to some factor or factors other than age. By comparison 
the children examined over the same period showed a high degree of 
concordance and 17 (71 psr cent,) of the sample were persistent carriers ini 
(197O-I971) whilst 16 (70 per centj sliowed this trait in the following year.
.171.
Significance of the carriage of Staphylococcus aureus xt is evident 
from the results that a large proportion of the healthy general population 
carries Staph, aureus on the skin and mucous membranes. The dis­
advantage of carrying these strains is that they may give rise to’ 
primary or secondary endogenous infections in an individual,, ranging 
from infective cutaneous eruptions to pneumonia.
Cross-infection in an open community ensures the perpetuation 
of the species, but this is a particular problem in surgical units where 
the patient or staff may be a source of staphylococci that infect wounds.
A study of the literature reveals a divergence of opinion concerning the 
relationship between strains of Staph, aureus carried by hospital 
personnel and patients,and those recovered from wounds. A close 
similarity between the strains carried by healthy hospital workers and 
those recovered from hospital wound infections has been reported by 
Williams et al,,1959; Colbeck, ].960; and Burke, 1965, but not by Browne 
etal.. 1959; Bullock et al,.1964; Rodgers et al.,1965; Doig, 1971.
Williams et al.,1962; Ketcham et al.-, 1962; Lindbom, Laurell and Grenvi^ c, 
1967; Lindbom and Laurell, 1967a, b; and Calia et al.,1969, ail reported 
a higher incidence of wound sepsis among carriers, but Bassett et al.,(1965) 
and Rodgers et âl,,(l965) were unable to confim this. The problem, 
although contentious, is an important one, because should wound 
infection occur in a hospital environment the organism may be resistant 
to a wide range of antibiotics and the choice of chemotherapy, if 
necessary, will be restricted accordingly,.
Cross infection, even if the organism does not survive for a long 
period, could be important as far as resistance to antibiotics is concerned.
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In hospitals, patients with staphylococcal infections are nursed in large 
open wards and contact between exogenous and endogenous strains may be 
long enough to allovf transfer of resistance determinants by transduction 
or other genetic mechanisms. If in such a ward a given antibiotic is 
used extensively, the staphylococcus is, according to Garrod, Lambert and 
O'Grady (l975), passaged from patient to patient in the presence of the 
antiobiotic. Under those conditions staphylococci of enhanced virulence, 
resistant to all extensively used antibiotics emerge in-vivo.
The results of the Guildford survey suggest that a similar 
sequence occurs in healthy non-hospital populations. Cross infection 
occurs between the various members of the host population and 
physiological and immunological pressures^together with the extensive 
use of antibiotics. in general practice, appears to favour the selection., 
and perpetuation, of an increasing number of resistant strains. In 
addition the close contact that exists between hospitals and the general 
community ensures that virulent, and often multiple antibiotic resistant 
strains are disseminated among healthy populations. '
On the other hand^the individual may acquire certain benefits 
from the colonisation of his body surfaces and mucous membranes by 
staphylococci. As Smith (i960) has suggested^once the mucous membranes 
of the upper respiratory and alimentary tract are colonised by a stable 
flora of well adapted, moderate parasites, there may well be less danger 
of the association being disturbed by the intrusion of a new infective agent 
This may account for the transient nature of carriage of multiple antibiotic 
resistant strains shown by several subjects. The best adapted strains were 
those of low antibiotic resistance and this is probably to be expected as 
they represent the stable flora of persistent carriers.
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Ânother beneficial result of having a respiratory flora 
containing potential pathogens is that it could stimulate some degree 
of active immunity against these pathogens and related strains, thus 
lessening the severity of later disease episodes. There is however 
little evidence to suggest that surface carriage of staphylococci 
induces antibody formation. Appendix A to this thesis reports a 
preliminary study, unsatisfactory in some asuects but nevertheless 
indicating certain differences in salivary IgA levels between adults 
and children and,perhaps, between persistent and transient carriers.
-174'
Properties of Staphylococcus aureus in relation to its occurrence
Biochemical characteristics of the isolates. The coagulase test is 
frequently used as the sole test for the identification of Stanh. 
aureus. Ability to clot plasma is not exclusive to Staph, aureus and 
several other Gram positive and negative micro-organisms may have this 
action either by citrate utilisation or by some coagulase-like 
activity, for example, strains of Ps eud ora o na s a e ruginos a (Predéricq,
1941)f Scrratia marcesens (Predericq, 1946), Pastourelle pestis 
(Sis1er, 1961) and Streptococcus faecalis (Evans et al..1932). Apparent 
inability of Stauh. aureus to clot plasma docs not necessarily denote 
absence of bound and free coagulase. It may be due to use of unsuitable 
plasma (Smith, I962), or excessive production of fibrinolysi^or a 
coagulase-destroying factor (hominiski, Smith and Morrison, 1955; 
Munch-Petersen, I96I),
There is also a tendency for laboratory strains of Stanh. 
aureus to produce variants that have lost certain characteristics 
of the parent strains, including coagulase production (Kapral and hi,I960; 
Korman, 1963; Egan et al..1965; and Parkas-Hirasley, 1966). According 
to Smith and Parkas-Himsley (1969), the genus Staphylococcus cannot be 
divided satisfactorily into species. It would appear that strains within 
this genus form a continuous spectrum between the two recognisable 
extremes i.e. definitely coagulase-positive potential pathogens and 
coagulase-negative non-potential pathogens, .with new subtypes evolving 
as characters are lost or acquired. Under the present system of 
classification, a strain producing coagulase can be called Staph, aureus 
but strains lacking this character cannot be classified with accuracy 
as Staphylococcus epidermidis. Therefore, before a coagulaso-hegative
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strain is classified with the coagulase-negative non-potentially 
pathogenic staphylococci further tests should he reade to exclude the 
possibility that it could be a coagulase-negative variant of Staphs 
aureus, The need to supplement the coagulase test with others was 
confirmed by the findings of Baird-Parker (l965), vdio examined several 
strains designated Staph, enideriaidis because of their inability to clot 
human plasma, and showed them by mannitol fermentation and phosphatase 
production to be Staph. aureus. These tests when used in conjunction with 
free and bound coagulase tests (huthie, 1954) will help to separate 
Staph, aureus from related staphylococci, and conventional recognition of 
this species is obtained, according to Baird-Parker(l965%, when at least 
two of these tests are positive. Throughout the present survey ident­
ification of Btaph. aureus was based on this convention.
The majority of strains obtained in the survey were typical in 
that they were positive to all four tests but the percentage of such 
typical strains was higher in the case of those obtained from children 
(see pagelOS ), and it may well be a general rule that strains of Staph, 
aureus carried by children are more typical biochemically than those from, 
adults. This could be due to some fundamental difference in the relation­
ship between a parasite and a mature or immature host respectively. It 
has been suggested that the presence of Staph, aureus on body surfaces, 
particularly mucous membranes, may initiate a response that favours the 
carriage of atypical strains of Staph, aureus by immimologically mature hosts 
It is important to realise however, that the high degree of concordance 
between different tests in isolates from both adults and children probably 
results, at least in part, from the selective effect of using a salt broth 
enrichment medium at the primary isolation of the staphylococci. Spch
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a medium may favour the growth and multiplication of strains that are 
metabolically energetic and thus positive to the biochemical tests used 
in identification of the species,
Phave susceptibility
Incidence of strains of Staphylococcus aureus of different phage a-rouns 
and patterns. The majority of phage sensitive staphylococci isolated 
in the present survey were lysed by either group I phages or combinations 
of phages of mixed groups. The isolation of group II strains with 
fairly specific phage patterns was characteristic of the children 
examined and a high proportion of such isolates were cultured from the 
hand. Fewer group III isolates were cultured than might have been 
expected from the reported increase in the incidence of these strains 
in hospitals (Rosendal and Bülow, 197l) ; a similar increase does not
appear to be occurring in the general population? at least if the groups
of persons studied are representative. This may be due to genetic or 
physical attributes which, though conducive to rapid spread in hospital 
conditions, could be valueless for or even deleterious to the establishment 
of these strains in quite different non-hospital populations.
Slightly loss than 50 per cent*of isolates from adults, and 
approximately 60 per cents from children were lysed by phages. As previously 
mentioned^Parker (l962) reported that,using the present set of typing 
phages, 70 per cent, of all strains of Staph, aureus isolated from human 
sources are typable v.dth phages applied at Routine Test Dilution (RTD)} 
the proportion of typable strains can be increased, to over 90 per cent,if
the untypable strains are also tested with the same phages at KTD x 1000,
The relatively low percentages of staphylococci, isolated in the Guildford
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study, which were susceptible to phages probably indicate merely the 
low specificity of these phages when used to type staphyloccoci from 
a non-hospital population. The inference is clear: for effective, 
detailed typing of a particular form of staphylococcal population 
it is necessary to use a set of phages derived from that population.
Bacterial populations are dynamic not static and the changes 
occurring in the staphylococcal populations of hospital and non­
hospital environments are in some way inter-related. For example,
Barrett et aX.,(l970) has reported a decrease in the proportion of 
group I and an increase in group III strains among staphylococci 
isolated from both in-patients and out-patients of hospitals in U.S.A.
Rosendal and Bülow (l97l) have reported that during the last 
decade (1960-1970) in developed countries where phage typing is 
regularly performed, group III strains resistant to tetracyclines are 
apparently gradually replacing group I strains, including particularly 
phage type 52/52A/80/81: in some Danish hospitals the incidence of 
group III strains increased from per cent, of all strains isolated in 
I960 to 21 per cent in 1970, and over the same period group I isolates 
have declined from 59 to 15 per cent.
A number of factors are probably involved. Hospital environ­
ments are continually subject to changes) for example, the extension of 
various forms of intensive therapy? changes in categories of patients^ 
introduction of new antibiotics, and^  in recent years^the use of cortico­
steroids that suppress immunity thus affecting the host-parasite relation­
ship. The close contact between hospital and community has probably led 
to the disséminabion of antibiotic resistant staphylococci of phage types
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usually associated with epidemic hospital strains. However as 
previously mentioned, in the Guildford study few strains of group III 
were isolated from healthy members of the general population. and this 
may be an indication that group III strains are in some respects ill- 
adapted to survive in a non-hospital environment. The increased 
incidence of group III isolates in hospitals could be due to the 
emergence of more persistent strains that could yet establish them­
selves in the population at large; one might hope, however, that if 
the indications furnished by the results of Barrett et âl.,(l970) 
and of the present survey are true, this would not take place.
Role of transducing uhages. In 1969, Dornbusch, Kallander and 
Lbfquist, found that raethicillin resistance in strains of phage type 
29 (RTD X lOOO) was a transdu'cible property and the transducants, 
mostly non-typable, were lysogenic, Rosendal and Bdlow (l97l) 
subsequently suggested that transduction was the principle mechanism 
underlying the shift of antibiotic resistance, and that it was due to 
the abundancy of phages that transduced strains simultaneously become 
lysogenic.
There would appear to be some evidence from the work of 
Groschel (1968) and the Guildford study that staphylococci are 
evolving in such a way that they are giving rise to strains insensitive 
to the International set of typing phages, as well as showing changes 
in their spectrum of antibiotic resistance.
-179*
Current antibiotic resistance patterns in S-U^ nhy2.pcoccus_auro;^ -. Most 
of the work on current antibiotic résistance patterns has been re­
stricted to the examination of Stanh. aureus isolated from hospital 
staff and patients. There is therefore very little recently published 
information on the carriage of antibiotic resistant strains by healthy 
adults in non-hospital communities. The increase in the occurrence of 
antibiotic resistant staphylococci is well known, though Bulger and 
Sherris (l96S) have reported a fall in the incidence of antibiotic 
resistant strains in some American hospitals, Barratt et al..(1970) 
found that resistance to commonly used antibiotics has become more 
frequent among strains from out-patients, and, except for penicillin, 
less common among strains from in-patients.
In the United Kingdom, Ridley et al,^ 1970) have surveyed the 
fluctuations in the incidence of staphylococci resistant to various 
antibiotics between 1958 and 1968. During this 10 year period the 
percentage of staphylococcal isolates showing resistance to penicillin, 
streptomycin and tetracycline declined from 20 to 5 per cent. Since the 
introduction of methicillin, the number of strains resistant to this 
antibiotic have shown an increase, apparently concommitant with the 
decline in resistance to other therapeutic antibiotics. It is quite 
evident that the antibiotic sensitivity patterns of staphylococci in­
habiting hospitals and those carried by healthy individuals must be 
influenced by the prevailing prescribing habits. This has been 
emphasised by Ericsson (1966) who wrote that the bacteria in a hospital 
form a negative imprint as to their antibiotic spectrum of the habits of 
antibiotic use ( sic )*
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It will be recalled that in the study reported here about half of 
the staphylococci isolated from adults and children resisted penicillin.
The relatively high incidence of penicillin resistant strains should cause 
little surprise. Since its discovery by Fleming in 1928, and subsequent 
commercial development following the work of Florey, Chain and others, 
penicillin has been and still is used extensively.
Ilethicilliu-resistant strains of Staphylococcus aureus were first 
detected in I960 (devons, 1961; Knox, 196l)y prior to this finding, 
resistance to methicillin was thought not to exist. The frequency of 
resistant strains rose from 0,06 per cent, in I960 to 0.97 per cent,, in 
1964 (Dyke, devons and Parker) to 4 per cent, of hospital strains in 1969 
(Parker and Hewitt, 1970), It is of particular interest therefore that 
in the Guildford study between 2 and 3 per cent, of all isolates resisted 
! methiaiUlna The carriage of resistant strains by healthy subjects is 
probably due to increased use of the antibiotics by general practitioners.
It is possible that the extensive use of the penicillins and cephalosporins 
may have favoured the proliferation of these organisms. However, according 
to Lacey (l972) the gene or genes responsible for methicillin resistance are 
plasmid-borne and transduced at low frequency to a narrow range of 
recipients, and this has accounted for the relatively slow increase in 
total numbers of resistant staphylococci in both hospital and non-hospital 
populations,
Approximately 2 per cent^of the isolates cultured during the survey- 
resisted chloramphenicol and 4 per cent^vrere insensitive to novobiocin.
There is no evidence,however, that either, of these antiobiotics'is used 
extensively in the Guildford area, and the frequency of isolation probably 
represents a persistent residual level of resistance.
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Only one per cent^of isolates resisted erythromycin which is 
rather low in view of the past extensive use of the antibiotic in 
hospitals and general practice. Exposure to erythromycin may in­
fluence sensitivity to other antibiotics for example: staphylococci 
passaged in tdie presence of a macrolide tend to develop cross resistance not 
only to other antibiotics in the group, but also to cliemically unrelated
lincomycin. There also occurs in some strains of staphylococci a form
,  \  r' 9of cross resistance described by Garrod (1957) as dissociated resistance,
A unique feature of the behaviour of such organisms is that in the 
presence of erythromycin they are, also resistant to oleandomycin, 
spiramycin and lincomycin, although in its absence they are fully 
sensitive. In the study reported here, no attempt was made to test for 
dissociated resistance.
As previously mentioned in the Introduction (page 6l) constitutive 
resistance to erythromycin was found by Weaver and Patee (1964) to be 
quite distinct from the inducible type that is mediated by a plasmid. It 
is of interest therefore, that three strains: 71H, 26R and 72H all lost^  
their resistance to erythromycin after treatment with acriflavine^ 
suggesting that in these strains the determinant was plasmid borne.
Resistance to streptomycin (7.0 per cent») and fucidin (6,0 per cent/) 
was quite high although this is probably not surprising in view of the 
past extensive use of these antibiotics, particularly streptomycin in 
the treatment of pulmonary tuberculosis and prevention of post operative 
wound infections. Since 1958 it has been permissible to use streptomycin
in horticultural sprays to treat mildew infections on stone fruits and hops
(see Statutory Instrument No., 614, 1958, of Therapeutic Substance Act, 1956)
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In 1970 the antibiotic was applied to 5,574 spray acres, equivalent to 0,7 
tons (Umpelby and Sly, 1970). Approximately 0.5 to 0.6 tons of streptomycin 
was sprayed on hops in 1972 (Sly, 1975, personal communication) mainly 
in Kent, Sussex, Farnham and District (Surrey, Hampshire, Berkshire) and 
parts of the West Midlands. It is tempting to speculate whether the 
dissemination of streptomycin in spray droplets over a not inconsiderable 
area of South-East England might be connected with the incidence of 
streptomycin resistant staphylococci in the Guildford area.
In 1948, when aureomycin (chlortetracycline) the first of the 
tetracyclines, was discovered, the only other■antibiotics in general use 
were penicillin and streptomycin. Each of these had a limited range of 
activity, and had to be given by injection, Aureomycin differed by 
having a broad spectrum of activity and the obvious advantage of being 
administrable by mouth. Because of this the antibiotic together with 
other members of the tetracycline family havo been used a groat deal 
in therapeutic medicine. As a result, resistant strains of staphylococci 
have become fairly common; indeed, according to Garrod et al,, (l975) 
tetracycline resistance has come to be regarded as the hall-mark of a 
virulent and troublesome strain.
Details of.the frequency of strains resistant to aureomycin are 
set out in Table 22 pagel46 • Adults yielded 25/503 (7,6 per cent) and 
children 36/507 (7,1 per cent) strains showing resistance to the antibiotic. 
Several factors may have contributed to the level of resistance exhibited 
by strains cultured from healthy subjects. For example, the antibiotic 
has boon used in animal foodstuffs to promote growth of livestock, and in 
some parts of the world it is used as a food additive to ensure a longer 
shelf-life. In tJio U.K.,, sinco 1964 (3 ta tu tory Instrument Ko,983 of
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Therapeutic Substance Act, 1956) chlortetracycline and ozytetracycline have 
been approved for adding to ice and dipping solutions used in the 
preservation of raw fish. Scheibner (l972) found that antibiotics added 
to some foods remain stable when exposed to normal cooking temperatures.
It is probably inevitable therefore, that active rather than altered 
antibiotic will be consumed with certain foods. Although no evidence 
of harm arising from antibiotic residues in food or sprays has been 
reported, they may yet form a subtle additional way in which healthy human 
populations could be exposed to antibiotics in concentrations that en­
courage the emergence of resistant strains.
Less than one per cent, of isolates from children and approximately 
two per cent.of isolates from adults were resistant to kanamyoin which 
suggests that the drug is not used extensively in non-hospital populations, 
probably because it has to be administered by intra-rauscular injection. In 
addition the main indication for its use is an infection of the urinary 
tract, yet the contra indication is renal insufficiency which is un­
fortunately common in intractable urinary infections.
Slightly more than one per cent,, of strains (see Table, 22 page 146 ) 
resisted vancomycin and these findings are in agreement with earlier 
studies by McCormick, et al « 1956; Griffith and Peck, 1956, who re­
corded a few strains of Staph, aureus which were naturally resistant to 
five or more jig/nil of the antibiotic. The frequency of resistant strains 
will probably remain low because according to Garrod and Uaterworth, 1956; 
Ziegler et al.,1956; and Geraci et al,,1957, sensitive strains do not 
readily acquire resistance.
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One nor cent.of strains from children and about five per cento 
of isolates cultured from adults resisted lincomycin. These levels 
are low compared with the finding of 15-20 per cent,of recently 
isolated and previously unexposed strains of Stanh,aureus by nunnery 
and Riley, 1965. The difference may be due to the fact that lincomycin 
resistance is relatively easily induced by passage (Barber and Waterworth, 1964).| 
especially in erythromycin-resistant strains,.and has been observed to 
emerge in the course of treatment, when such strains often show the 
dissociated resistance (Garrod, 195?) typical of macrolides (Duncan, 1968),
It is of interest therefore that 5 of the.strains from adults and 5 
isolates from children were also resistant to erythromycin.
Relationship of Phage group or type and antibiotic resistance. In general 
no overall differences were discernible between the strains of different 
phage groups as regards the frequencies of resistance to various anti­
biotics, .i-4 Xnh'^usi'tivity to the various, antibiotic's tès.t'ed.was 
found amongst'typable'and non-typablo strains aliko*. " - 
The results confirm the point made in the Introduction that resistance 
to antibiotics is no longer restricted to specific phage groups. One 
important observation however, was that two strains cultured from adults 
and one isolate from a child, typable with phages of the 52/52A/80/81 
complex, were resistant to methicillin. There are no reports of similar 
findings in the U.K., although Barrett et al..(l970) isolated four 80/81 
methicillin resistant strains in the U.S.A. A much more unique finding 
was methicillin resistance in strains typed by group II phages. Four 
strains, two from adults and two from children, of phage type 55/71 or 
71 alone, exhibited resistance to methicillin.
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Geographic distribution of antibiotic resistant ^taphyj^^occus aureus. The 
Geographic distribution of antibiotic resistant Staphylococcus » 'Ibe
present study of course concerned people living in a restricted area of 
Surrey and can therefore throw no light on geographic differences in the 
distribution of staphylococci. However publications from many parts of the 
world; for example Jolliff et alc,(l96Q): Rodriguez-Molina et al,(1964); 
Bhaskaran and Jayakara, (l969); Barret et al.„(l970); Veselov, (l970);
Hui and Loo, (l970) show a wide distribution of antibiotic resistant 
■Staph, aureus in hospital communities throughout the world, at least 
where facilities for bacterial examination exist.
Unfortunately less is known about non-hospital communities, but 
a recent study of school children in Athens by Mendris et a l , (l97l) 
and the results of the Guildford study show that antibiotic resistant 
staphylococci occur commonly at least in healthy children. There are 
however, several differences between the results of the Guildford study 
and those of Mendris et al.,and for the sake of clarity they are set out 
in the Table below:
TABLE 29 A comparison of the frequency of isolation of 
Staphylococcus aureus resistant to antibiotics
Antibiotic Guildford study /b resistant Greek study Mendris etal,, (1971) % resistant
Penicillin 47.3 ■ 62,0
Erythromycin 1.0 7,0
Aureomycin 6.5 Tetracycline 7.0
Fucidin 5.6 0
The differences presumably reflect past antibiotic experiences rather than 
any fundamental evolutionary divergence.
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Effects of antibiotic usage 
Antibiotic resistance mechanisms. In the light of current knowledge 
it seems that micro-organisms may develop new resistance to anti­
biotics by one of two methods: chromosomal mutation or extra- 
chromosomal plasmids. Mutation, because of phenotypic lag, does not 
always give the rapid adaptability vital for the survival of unicellular 
organisms. Moreover, antibiotic resistant mutants are often metabolically 
defective (Chabbert et al, 1969 ) and, in the absence of a selective 
agent, unable to compete with non mutant wild types. By comparison, 
extrachromosoinal plasmids would seem to facilitate rapid adaptation, and 
a single antibiotic can select for several resistances represented in one 
or more compatible plasmids (Bouanchaud, 1973).
The occurrence of plasmids in Staph, aureus together with the work 
of Novick and Richmond (l965) has been referred to in the Introduction, 
Biologically, plasmids would seem to be important because, unlike the 
majority of mutations, they represent a supplement of genetic material 
additional to that contained within the chromosome, rather than a deletion 
of I)NA with the associated risk of causing a metabolic deficit. Indeed, 
the success of the staphylococcus as a parasite of human and animal 
populations may well be attributable to its possession of plasmids, and 
mechanisms of transfer such as transduction that ensure their dissemination, 
It is of interest that Smith (l969) found that 20 to 30 per cent,of DMA 
in staphylococcus was in small circles: the remaining 70 to 80 per cent 
probably formed the chromosome of the cell and was responsible for the 
basic physiological metabolic activities, whilst extrachromosoraal DMA 
contributed to the short-term survival of the organism.
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In the study reported here there was strong evidence, based on 
various ’curing* procedures, that some of the multiple antibiotic 
resistant staphylococci possessed plasmids. They were isolated from 
adults and children alike, but in all cases their colonisation was of 
a transient nature suggesting that such strains, though transmissible 
within a host population, may nevertheless have a reduced potential 
for prolonged survival in a given individual.
Antibiotic resistance in selected strains. It will be recalled that the 
selection procedure involved the exclusion of cultures which were sus­
pected to be duplicates or repeated isolation of the same strain. The 
main point worthy of comment is that practically all the percentages of 
resistant strains, whether for adults or children respectively are higher than 
the corresponding results given in TableSO for the whole collection of 
isolates. As noted in the previous section, it would appear that anti­
biotic resistance is either associated with slightly lower persistence of 
strains so that those showing antibiotic resistance tend not to be isolated 
repeatedly. Or, resistance may be restricted to strains found in one site 
only, for example; throat or nose or hand, but not two or three sites 
together.
These observations are difficult to explain because lower persistence 
implies an organism ill-adapted for survival. It is quite possible that 
some antibiotic resistant strains are well adapted not only to parasitize 
different sites within a host, but also various hosts within a given 
population, Such an organism must achieve a high degree of transmissibility 
and have the adaptive properties to resist and overcome the almost 
persistent risk of desiccation.
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Several workers have reported findings similar to those obtained 
in the present survey; Goslings and Bülohi (l958) reported that new 
admissions to a surgical unit were often rapidly colonised by antibiotic 
resistant strains from the hospital mioroflora. Colonisation occurred 
by preference in those patients receiving antibiotic therany, although 
in 84 per centp of the cases examined, the pattern of resistance did not 
correlate with the antibiotics the patients were receiving. They con­
cluded that the antibiotic resistance of colonising strains is dictated 
by the pattern of resistance of the hospital staphylococci. It is also 
quite possible that both exogenous and endogenous strains of staphylococci 
possess plasmids, and antibiotic therapy selects out a strain carrying one 
or several plasmids bearing resistance determinants. Goslings and Bülohi 
also found that, after discharge, their patients lost antibiotic resistant 
staphylococci more rapidly than sensitive strains. In view of the fact 
that 75 per cent,of the penicillin resistant staphylococci were lysed by 
group III phages, these results are not surprising. Group III staphylococci 
are known to be susceptible to desiccation, and are therefore uplikely • 
to survive in a non-hospital population where the selective pressure of 
antibiotic therapy does not work in their favour.
Williams , (l959) also found that when admitted to surgical
wards, patients who were previously non-carriers of Staph, aureus acquired 
and lost penicillin resistant strains quite rapidly. This suggestion of 
reduced persistence on the part of resistant strains was also implied in 
the findings of Gould and McKillop (l954), that a higher proportion of 
strains from occasional carriers were penicillin resistant than those from 
persistent carriers. Miller ct al,,(l962a) developed the concept of 
'mobility' of resistant strains to explain the failure of such strains
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to supplant the predominantly antibiotic sensitive flora of the general 
population. ‘They apparently based this on the view that a mobile strain was 
not only highly transmissible from one individual to another but also 
failed to produce permanent colonisation of the majority of individuals. 
Whether or not this concept is a valid one, it must be agreed that anti­
biotic resistant strains are well adapted to flourish.
It is of further interest that in the study reported here,multiple 
antibiotic resistant strains- were isolated only occasionally. These 
isolates may have adaptive powers that favour their survival and 
transmissibility, but their occasional isolation suggests that other 
factors associated with the host-parasite relationship are involved.
Healthy subjects may have physiological and immunological properties 
that prevent permanent colonisation. Alternatively, as Smith (i960) has 
suggested, colonisation by related but less virulent strains may offer 
a degree of protection aga5.nst parasitisation by pathogenic strains.
Prom an evolutionary point of view multiple antibiotic resistant strains 
probably fulfil an important role in the dissemination of resistance 
determinants. In this respect, transient colonisation of a large 
number of hosts in a given population, and the possible transfer of 
genetic markers, by transduction or some other mechanism, to the endo­
genous flora of the temporary host would be more effective than persistent 
carriage in a limited number of hosts.
The effect of antibiotics on the carriage of Staphylococcus aureus.
The results of the Guildford survey show that Staph, aureus is 
currently widely distributed among healthy adults and children, and many 
of the latter group yielded this organism persistently. The majority of 
subjects taking part in the study had received therapeutic antibiotics
-190-
at some period during their life; moreover, it is evident from the results 
of the questionnaire (pg. 160 ) that the possibility of their having 
acquired antibiotic resistant strains from sources such as hospitals 
cannot be ruled out. It is particularly noteworthy that with one exception 
, every subject examined yielded at least one strain of S.tanli, aureus 
resistant to one or more of the antibiotics tested.
,It is regrettable that the sometimes indiscriminate or ill-judged 
use of antibiotics by medical, dental or veterinary practitioners, 
together with unwise use by their patients and clients has been followed 
by the emergence of resistant strains of bacteria. At least such would 
seem to be the case, though it might be argued that however careful the 
strategy of use, however rigid the restrictions, the anpearance of 
resistant forms of organisms is inevitable. Wherever the blame may have 
lain, the introduction of each new antibiotic into clinical use has 
tended to be followed, more or less inevitably, by the emergence of 
strains of pathogenic organisms showing varying degrees of resistance 
to the drug. •
In general practice (as indeed, in many hospitals) the clinician 
may be obliged to employ antibiotics in a manner that is largely 
opportune rather than strategic and w-hich increases the likelihood of 
inducing drug resistance. In these circumstances the choice of anti­
biotic is probably based on three general forms of evidence:
1. The physician’s own clinical experience and judgement.
2. The promotional claims of the manufacturer.
3. Reports on the efficacy of different drugs in medical 
and scientific literature.
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This probably leads the individual practitioner to a reliance, over a given 
period, upon a particular antibiotic or small range of antibiotics and a 
reluctance to change to other drugs or check the efficacy of those 
presently used,by sensitivity tests. As far as the children in the 
study reported here are concerned, their G.P.'s appeared on the whole 
to favour and rely upon nenicillin V, arapicillin and the tetracyclines; 
this was largely corroborated by a small survey of the antibiotics pres­
cribed to children in the first year of life, carried out by Health 
Visitors in the Guildford area (see Appendix B), Very few of the 
practitioners availed themselves of any laboratory services to identify 
the organism or determine the antibiotic sensitivity patterns before 
prescribing an antibiotic. One of the problems is of course that in- 
vitro antibiotic sensitivity tests are time consuming. There is 
however another problem: many physicians are aware that the results of
laboratory tests may lead to predictions about the outcome of a/ '
particular chemotherapeutic regime that are, or anpear to be, sub­
sequently contradicted by t>>e clinical results. Among the explanations may be:
1, that the antibiotic was unnecessary and the patient would have
recovered without it,
2, that the organism isolated and tested in the laboratory was not 
the same as that causinsr disease in the patient.
3, that concentrations of antibiotic attained in the tissue were for
some reason greater or smaller than those normally to be expected.
4, that physiological factors within the patient potentiated or 
antagonized the effect of the antibiotic.
Apart from the lone term epidemiological risk, the administration of 
unsuitable antibiotics may involve the patient and doctor in several 
ineffectual and time consuming episodes before the correct drug is prescribed.
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In addition the antibiotic may have toxic side-effects, and many 
medical practitioners no doubt wisely remember Seifert's (l969) 
advice to his studentsi'Do not use a treatment that threatens the 
life of a patient, for a disease that does not'. The short-term 
advantage of antibiotic sensitivity testing, promptly and accurately 
carried out, is that it should enable the practitioner (after a brief 
period of delay whilst awaiting the laboratory report) to employ an 
antibiotic which has a high chance of being effective. The long-term 
advantages are twofold: the practitioner can monitor the micro-organisms 
that are within his field of experience, currently causing sepsis, and 
prescribe antibiotics to new cases on the basis of retrospective anti­
biotic sensitivity testing.
The results of the Guildford study are by no means unique and 
indeed a host of reports and surveys indicate that potentially pathogenic 
staphylococci, far from having been eradicated or even made less frequent 
by the regular use of antibiotics, are if anything, even more abundant 
than ever before. The paradox therefore, is that, in the case of 
Staph, aureus antibiotics have not eliminated the organism but have 
contributed to the evolution and survival of antibiotic resistant 
potentially pathogenic strains.
Policies on use of antibiotics. It would seem reasonable to suggest 
that the incidence and distribution of potentially pathogenic antibiotic 
resistant strains in the general population should be continuously monitored 
Ideally this should be carried out by an independent agency that could 
combine work on standardising in-vitro sensitivity testing methods and 
techniques for assaying plasma levels of antibiotics.
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The restraint shown by hosnital antibiotic advisory committees 
could with benefit be emulated by general practitioners. The latter 
should be encouraged to use existing facilities \to identify micro­
organisms and determine antibiotic sensitivities, even if in some' 
cases this is carried out retrospectively. Attempts to eradicate 
healthy carriage of Staph,aureus by using topical antibiotic pre­
parations should be actively discouraged since this, together with 
residual levels of antibiotics in food, may lead to exposure of 
bacteria to sub-lethal concentrations resulting in the emergence of 
resistant strains. The increasing popularity of combination anti­
biotic and sulphonamide preparations may present a new risk. The 
danger is that such a formulation could select out strains resistant 
to one of the drugs, and induce, by mutation or plasmid formation, resistance 
to the second antibiotic.
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Limitatlonsof longitudinal epidemiological studies of Staphylococcus
aureus
The carriage of Staphylococcus aureus has probably been studied 
more fully than any comparable bacteriological problem but most studies 
in the U.K. have been restricted to the examination of hospital patients 
or persons attending out-patients departments or general practice 
surgeries. Surveys on carriage in healthy persons have tended to in­
volve either hospital staff or members of relatively closed communities 
for example, boarding schools or military establishments, where special 
factors appertain. Furthermore, the majority of surveys, on what could 
be described as these captive populations, have been cross-sectional 
studies because the alternative (longitudinal study) involves a great deal 
of work and depends upon the continued interest and cooperation of the 
participants,
The survey reported here was designed to look at carriage of 
Staphylococcus aureus in a 'non-captive* population of healthy subjects 
with no recent direct contact with hospitals or their general practitioners, 
The plan was to swab the nose, throat and a skin surface of 50 adults and 
50 children for as many weeks as possible. The major shortcomings of 
the scheme were twofold: firstly, the healthy subjects were all volunteers 
and thus to some extent self-selecting rather than randomly chosen.
Secondly, it was soon realised that it was logistically impracticable 
to examine the whole population over a two year period. The population 
had therefore to be divided into two groups, as described in the section 
outlining the aims of the survey.
The carriage of Staphy100occus aureus was studied because this 
organism is in terms of its distribution, a highly successful parasite 
and pathogen. It provides a useful model for examining and considering
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factors that may contribute to the success or otherwise of a highly- 
adapted parasite. For example, not only is the organism capable 
of undergoing mutation, but it also possesses other genetic 
mechanisms such as plasmids that appear to bestow rapid adaptability and 
hence a high survival potential. In addition the parasitisation of 
staphylococci by bacteriophage provides a vehicle for transduction of 
genetic determinants vritliin a bacterial popula'bion.
The adaptability of staphylococci has contributed to the organisms 
survival and rendered the antibiotics used to eradicate them ineffectual. 
The result has been the emergence of strains exhibiting resistance to 
a wide range of antibiotics.
The present survey has provided information on the contemporary 
frequency of resistance to therapeutic antibiotics and bacteriophage 
susceptibilities. In addition ancillary work has been undertaken to 
examine a few of the many factors that influence the unique relationship 
that exist between human host and Staphylococcus aureus.
It is perhaps worthwhile,in concluding, to examine some of the 
values which may accrue from epidemiological surveys of the kind 
reported in this thesis.
The values of Eiidemidlogical surveys.
Epidemiological surveys can lead to:
1, Information on the occurrence and distribution of micro-organisms.
2c Information on biological and evolutionary changes taking place in 
bacterial populations, that may result in the emergence of strains 
with increased or decreased virulence and pathogenicity.
3. The detection of genetic mechanisms that increase the adaptability 
of the organism, (see for example the work of Ki tamo to g.t,,al., 1956 ).
•196-
4r A valuable record of the ecology and evolutionary status of a
micro-organism, which can only be detected or monitored at the time 
of sampling and which will be irrevocably lost if not recorded.
Such information may subsequently be used to compare changes in the 
bacterial population 5 or 10 years hence,
5. Information on the life-cyole of micro-organisms.
Dc Information on the potential pathogenic properties of micro-organisms,
7. Information on the interactions between the host and its bacterial
parasites, and the opportunity to study and assess the advantages
or potential danger of such a relationship.
8. Evidence of the probable efficacy of chemotherapeutic agents that 
may bo employed to eradicate organisms or treat infections caused 
by thorn*
Microbiological surveys, no matter how carefully planned, can never 
yield information which answers all the questions, and the results 
therefore are often Inconclusive. This in no way invalidates the value of 
epidemiological studies because the results need not necessarily be 
conclusive and it could be argued that the results positive or negative 
constitute a sufficient conclusion.
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A P P E N D I X  A
SALIVARY iroroNOGLOBULIN A
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Salivaa?y immunoglobul ins
The structure and function of human serum immunoglobulin 
has been extensively studied and reviewed by Porter (I96S) and 
others. Interest has been extended to the immunoglobulins of body 
fluids other than serum; for examples saliva, cerebrospinal fluid, 
colostrum, nasal secretions and tears.
The credit for the differentiation of secretory immuno­
globulin A (igA) from serum IgA probably belongs to Patton and Pign'an 
(1959) who demonstrated, by analytical ultracentrifugal studies, that 
an 118 protein was present in parotid, submaxillary and sublingual 
secretions. The presence of several proteins including gammaglobulins 
in saliva was reported by Gabl and Pastner (196O) and Ellison, Mashimo 
and Mandel ( 1 9 6 0 ) ,  It is now known, following the work of Kraus and 
Konno (1963)9 that no correlation exists between antibody titres in 
saliva and serum, and although IgA comprises 15 per cent, of serum 
immunoglobulins it predominates in saliva.
Tomasi et al. (I965) reported that most colostral and 
salivary IgA had a sedimentation coefficient of 118, whilst serum 
IgA circulated primarily in the 78 state. The difference in size was 
found to be associated with a small extra antigenic fragment on 
secretory IgA, The fragment was termed the transport or secretory 
piece (Claman et al., 196?) since it is not found on serum IgA and 
may be related to the process of secretion.
Parotid fluid vfas used for most of the earlier studies 
because samples can be obtained free from contamination by other 
secretions. Lehner e±_al_. (1967) showed this to be unnecessary, since 
the concentration of salivary IgA in whole saliva, which represents
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a mixture of parotid, subnaxillary, sublingual, buccal and gingival 
secretions, is apparently similar to that for parotid secretions# In 
view of this, pooled secretions were used in the present study a 
full account of the methods used for collecting saliva and estimating 
salivary IgA are set out in Materials and Methods, page 86.
The ajmount of Immunoglobulin A present in saliva# Measurement of 
salivary immunoglobulin concentration is difficult because of low 
levels of these proteins in saliva# Tomasi and Zigelbaum (19^3) 
estimated a mean value of 3mg. per cent, but as the standard used for 
calibration was serum (78) IgA, they judged that they had under­
estimated by a factor of 3» Since the rate of diffusion in agar is 
dependant upon molecular size, the larger 118 salivary IgA (molecular 
weight 400,000) diffuses approximately 5 times slower than 7S serum 
IgA (molecular weight 170,000). Thus the mean value after correction 
would be 9oO mg. per cent. More recently 01aman et al.(1967) reported 
a median value of 9»5 mg. per cent, (salivary IgA) in healthy adults. 
These workers found however that in the group examined there was 
considerable variation in secretory IgA levels from week to week in 
the same individual. Fewer studies have been made on children, but 
Gugler et al. (1968) using serum IgA standards estimated a level of
0.35 mg. per cent, salivary IgA.
Salivary Immunoglobulin A in mouth washings from adults and children 
examined during 1971-72. The amount of salivary IgA in mouth washings 
from children and adults is set out in Table.30 .. The following points 
are worthy of notes
1. Saliva from adults compared with children had a higher titre,
8.70 mg. per cent, and 4«^^mg, per cent, respectively. Whilst this 
is not statistically significant (P= 0.1 to 0.2) it may nevertheless
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Table 50 ' _ Salivary Immunoglobulin A levels estimated in mouth 
washings for adults and children (1971-72)
Oype of 
carriage
Adults 
Subject I, 
number
,U. IgA mg.#
Children 
Subject I. 
number
,U, IgA mg.# '
Transient 52 7.2 9.9 78 2.4 3.3
53 6.0 11.4 80 5.3 4.5
57 6.0 8.1 82 5.3 4.5
59 60 6 9.3 83 0 -
60 6.3 8,7 96 5.1 7.8
61 4.8 6.6 97 3.9 5.1
62 6.3 877 98 4.2 6.0
65 6.3 8.7
67 6.3 8.7
69 6.0 8.1
70 6.9 9.6
. 71 6.9 9.6
72 6.3 8.7
Mean 6.30 8.91 3.17 4.46
Persistent 54 8.2 10.2 76 0 mxM
55 5.7 8.1 77 3.3 4.5
56 5.7 7.8 79 0 -
58 4.2 7.2 81 4.2 5.7
74 5.7 7.8 84 373: 4.5
75 6.0 8.4 85 0
86 3.3 4.5
87 3.3 4.5
88 3.9 5..7.
89 3.9 5.4
90 3.3 4.5
91 3.0 4.2
92 3.9 5.7
93 4.5 6.3
95 3.9 5.7
98 4.2 6,0
Mean 5.92 8.25 5.16 4.18
jLdul.ts •_ ' ■ 8 . 7 0 Gli±J-dr en_
Expressed as International Units of IgA as recommended by World Health
Organisation Standards Committee (19^ 90*
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be biologically important.
2. The mean value of IgA mg. per cent, was slightly higher in saliva 
from both adult and child transient carriers of Staphylococcus aureu^ 
(8.91 and 4.46 mg. per cent.) compared with persistent carriers (8.23 
and 4.18 mg. per cent. ). It should be stressed that the difference 
is small and not statistically si^ificant (P = 0.1' to 0.2).
It is interesting to speculate on the significance of these 
results: the immunological maturity of the host is probably important 
in the host-parasite relationship. Levels of salivary IgA are known 
to fluctuate and thus influence the type of carriage, and the higher 
levels of IgA in adult secretions may account for the predominantly 
transient nature of staphylococcal carriage.
There is little evidence to suggest that surface carriage 
of staphylococci induces antibody formation. It is possible that the 
level of secretory IgA in children is very low and this accounts for 
the high incidence of both specific and non-specific infections 
during the first year of life. During these episodes resistance 
may be sufficiently lowered for bacteria to penetrate the mucous 
membranes stimulating some degree of active immunity in the host. 
Repeated intrusions by Staph, aureus may ultimately result in the 
secretion of more IgA as the individual matures. This may well explain 
the alteration of carriage from a persistent to a transient nature 
that was found in the present work (page 89 )« The chance of isolating 
a Staph, aureus from an adult is reduced and in cross-sectional 
epidemiological surveys this may give the impression that with 
increasing age there is a fall in carriage, rather than the existence 
of factors which influence the type of carriage.
Secretory IgA is probably an important determinant of
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resistance at the mucous arid skin interfaces between the internal 
and external environment of the body, thus regulating the colonisation 
of the respiratory, gastro-intestinal and genito-urinary tracts. The 
role of IgA at birth will therefore be particularly important because 
the essentially sterile mucous membranes of the infant will be rapidly 
colonised by many species and strains of bacteria and viruses.
Undoubtedly several factors must be involved in determining what shall 
constitute the normal flora, but fluctuations in microbial population 
may be related and influenced by the amount of IgA present in the 
mucous membranes,
Tlie identification and quantitation of salivary IgA is 
difficult and in retrospect the method used for collecting specimens 
of saliva was most unsatisfactory. Initially it v/as hoped that nasal 
secretions could be collected and assayed, saline v/as chosen therefore 
as a suitable irrigant thus allowing the collection procedure from 
the mouth and nose to be standardised. The lower mean IgA values for 
children may also reflect the shortcomings of using salt and water to 
stimulate saliva, it is quite possible that the saline had an 
astringent effect.
The results reported here give only an indication of a 
parameter that may be important in the carriage of potentially pathogenic 
micro-organisms. A more detailed study of the levels of immunoglobulins 
in saliva and nasal secretions, in relation to the microflora of the 
host, would certainly be justified.
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A P P E N D I X  B
lUaiÆ îl VISITOR’ S QUESTIONNAIRE
- ^ 05-
Heal'bh Visitor survey of antibiotic experiences of children
under the age of one year
Five Health Visitors, on a typical day of visits, were 
asked to record the number of children encountered under the age of 
one year receiving antibiotics. In addition they were asked to gather 
information on diagnosis, whether a possible causative organism was 
isolated, identified, any antibiotic sensitivity testing performed, 
and details of the antibiotic prescribed, the results are given in 
Table 31 » It is evident that very few of the medical practitioners
made use of laboratory facilities available to identify micro­
organisms or determine antibiotic sensitivity patterns before 
prescribing an antibiotic.
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A P P E K D I X  G
EMTEPOTOXIH PRODUCTION
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StaphylocoGcal enterotoxins.
Twenty-nine strains of staphylooooci isolated (during- 1970-72) 
from healthy children and adults with no recent history of food poisoning 
were chosen to give a structured selection of isolates that were either 
resistant to bacteriophage or typable with phages of group 1,11,111, 
miscellaneous or mixed groups; otherwise, the choice was random. Twenty 
of the. 29 strains examined (69 per cent.) produced enterotoxin iV, noneof 
the isolates synthesized enterotoxin B (Table 32 ).
Enterotoxin A is the toxin usually implicated in food poisoning 
episodes (Gasman et al. 1967), and such a high incidence in healthy 
subjects is quite remarkable. . Unfortunately there seems to be no recent 
reports on the occurrence of this and other enterotoxins in strains of 
Staphylococcus aureus isolated from healthy subjects. Most studies have 
concentrated on the examination of strains of Staphylococcus aureus isolated 
from known cases of food poisoning or suspect foods. It is of interest 
therefore that Simkovicova and Gilbert (1971) found that of 36 strains 
isolated from 'wholesome* foods, 6 produced enterotoxin A; 5 enterotoxin 
B; and 2 enterotoxin 0,
Bacteriophage susceptibility and enterotoxin production
Simkovicova and Gilbert (1971) also reported that staphylococci incriminated 
in food poisoning are invariably lysed by phages of group III, In the 
Guildford study strains producing enterotoxin A were lysed by phages from 
groups I;IIIIII,miscellaneous and combinations of phages from several groups 
However, none of the phage-resistant strains were enterotoxigenic (Table 55-),
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Table Relationship of phage group to production of
enterotoxins A or B .
Phage Number of 
Group Strains
Number syn, 
enterotoxins
Number of 
producing
strains
enterotoxins
A B
I 6 6 6 0
II 5 ■ 4 4 0
III 4 4 4 0
Miscellaneous 5 2 2 0
Mixed I.III. 1 1 1 0
Mixed III.Mise. 1 1 1 0
Mixed I,Misc. 1 1 1 0
Mixed I,: :.III.IV. 1 1 1 0
Mixed 1,111.1V, iisG. 1 0 0 0
lion typable 6 0 0 0
Totals 29 • 20 20 0
•“212“
If, as these' results suggest, enterotoxigenic strains are 
widely distributed among healthy suhjects,there are two principle ' 
risks: firstly contamination of food; particularly if the carrier is 
a food handler; and secondly; self infection or intoxication resulting 
in periodic bouts of gastro-enteritis with the inevitable discomfort to 
the sufferer and loss of school or work-hours. The results would appear 
to justify a more detailed examination of healthy carriage of enterotoxi­
genic Staphylococcus aureus, particularly among those members of the 
general public employed as food handlers.
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Questionnaire
All participants were asked to provide the following information:
History of hoils/septic lesions (self)
"before or during survey (family)
Hospital in-patient during the survey or in (self)
the 2 years preceding start of survey (family)
Hospital out-patient during the survey (self)
or in the 2 years preceding start of survey (family)
Antibiotic therapy during survey or in (self)
12 or 24 months preceding start of (family)
survey
—  215' ” ■
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